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ARLES EMERSON BEECHER. 




Oct. 9, 1856— Feb. 14. 1904. 
PORTRAIT— PLATE I. 

Tlie sense of bereavement which follows upon a loss so 
disastrous to paleontology as the departure of professor Beech- . 
er renders it difficult to express lucidly and in adequate meas- 
ure to those who may have known him more by repute than "by 
personal intercourse, his real value to his science or to record 
ari appreciative tribute to his gei^ius. Human experience . is 
so full of instances of brilliant abilities prematurely quenched,, 
of . fruitful lives blotted out, of promising careers ternjinated 
before the goal is reached, that the aphorisms of th? world ^ 
take note of them. Death loves a shining mark, indeed. 

Professor Beecher's end was wholly without premonition 
even to the penetrating eyes that watq|led him most closely,. 
and Jts suddenness carries an element of the tragic. The. 
Sunday morning of his death he arose as well as ever. but 
later he complained of pains in his arms, then in. hi<; chest. 
The usual household remedies failing, .a physician v/as sum-, 
moned and while they talked together. he complained of diz- 
ziness and with a few breaths was gone. The har.lcning of 
the cononary arteries or angina pectoris, which ni'Vht least 
have been expected in a constitution of relative. youth, is re- 
garded as the cause of death. 

One often sees in midsummer an oak on which a single 
leaf flares out in red and yellow while all the rest are green, 
and here too age has stolen on with unequal pace. 

Professor Beecher was in the 48th year of a si'joruiarly 
productive life. If his own death was an illustration of the 
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M,»:iiMr-inr.* .» 'v.s*: ^yhfm^'ymcna of growth and dei'lne on 
v.'ijj:i r niu-:: / '-r- '^^'ah Im-st work was based, so hiF mental 
nnxnnii'ri!' ir.-ii.ri"'; -^z^rrr^plifies the vitality of variul»'^n. It 
iiitjri!' \t* '/iiftr-vr v> >y.atc the ancestral kernels of his pe- 
•:iii:ir lum^.:- ; "-y: :n«^tinctive love of nature and i-xtraor- 
fiii;it- ■ '.r:r*r^-.ri*-t^ vf th'yuj^ht that were so pervasive of his 
iii'Ttir/tK i:'!i'. **\v*>rT.^v :n his achievements. 

•'i' **<!5 V-"". *'. .V:rikirk, X. Y., Cjct. 9, 1856. mci in his 
wHitt i:?t Si:--:', vyyv'rd to Warren, Pa., where liis father 
AiiKvniii'ni:-; ^'j.:::7*'4 large business interests. His fond- 
ur^^ i'.r ^s^r.*.\'^^l vi-'tjM: d'rveloiied earlv and instinctr rly, .?x- 
)r»>nntjt' v.^lf :r: *}j*r /x-ak/us acquisitiveness of the collector. 
Kf'i'.f* u^ ♦-r-v-r^yj c/AU'i^t: he had brought together an exten- 
.•>yv» ,v-i»t '.^ ii;*^<; and fresh water mollusks, both from the 
u'j\u» iVx:' :v.*t ajj'J tfirouj^h exchanges from regions more 
r*r!ti'ji» }i^' ''.^<: ujiyi'-rrf] that group of obscurities, ti^e spe- 
r/tt-i '/ •*»<- ' 'j\i<A:'y\Hi.'. |-'or k>ng his interest in these mol 
iuj»'^. •»•>:! ful: }^v»a^ . and Ik* di^l not make formal surrender of 
ii'.j. ,,,.4.r*-vi ibi-r'-jn until in later years he found problems 
vj I'rvii'i'-r inj/'yn j^r'^wing ^/ii him. Contemporaneously grew 
bi^ inr«-r»'i'i iu i}j<: ;^<''J'/gy of his Ivime ground, but this was at 
no iiTtv: v> nju'li a concern for its geological structure as 
fvr A:*- k.<j]yyW\\VA\ of its fossils. These he collected with 
til*- gr*:at<-vi avidity and his zeal S(x>n earned him --ifield into 
l}:*r v\eJl known I'x'alities r>f \ew York. After he entered 
Mifhi^^an ^ 'iiiversity his summers were regularly fpent in 
1hi!^ pursuit . The volum<-s of the Paleontology of Ne^i^ Y'ork, 
wit}] i}j«-ir profusion of illustration, were his guide and in- 
hpirati^-u . 

Otj a hot ^-uuuncr day in 1877, pale with weariness, 
li'- ^ta^;{'n-d with pack on back into the laboratory of pro- 
f^^v.r J;jiii'> Hall at Albany. He had sought what to him 
bad -<«-in''d the fountainbcad of knowledge of his fossils. 
It had b«'<:n the goal of many a youthful dream to bhow to 
thy aullior of the [*ulc()Utology of Xcii> )'ork the tveasures 
he had found. Tli<- great atnl keen-eyed Hall ever had an 
appreciative recej;ti<jn f<»r such endeavor. With the most 
friendly concern he refreslierl an<l nursed this acolyte and 
when strength had returned expressed a lively interest in his 
eff(.rts and his anibiticjns. (.)n g'>ing away Beecher hnd prom- 
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ised to come back to Albany when his college course was 
done and join Hall's corps of workers on paleontology. So in 
the summer of 1878, the year of his graduation, he lecame 
assistant to professor Hall, entered upon- his work and was 
received with genuine enthusiasm. 

Those early years at Albany were of unalloyed happiness 
for the young paleontologist. His mind was not filled with 
dreams of fame, but he had at last reached the wellspring and 
could slake his thirst at will. Hall had then been for more 
than forty consecutive years engaged in elaborating the geol- 
ogy of New York; he regarded himself, as the unreserved 
devotee should, the personification o'f his work. He was the 
Paleontology of New York. He invited young blood to 
aid him in his work and paid in the invaluable training thi^ 
work offered to his assistant, but he shared no honors. At 
the time of Beecher's advent in Albany professor Hall wa^ 
busied with two of his tremendous monographs of the fossils 
embraced in four quarto volumes, and into the study of the 
vast group of species represented in one of tliese, the Lnmelli- 
branchiata, Mr. Beecher was gradually inducted. As a sys- 
tematic work this undertaking was of giant proportions, noth- 
ing like it had been attempted in American paleontology, but» 
the two heavy volumes issued, it is not difficult indeed to 
find where the hand of the master was guided by that of the 
student. The plan of this, as of previous volumes, and the 
spirit in its execution even to details, was that of its author, 
but it is well to record here, as has not been done before, 
wherein the student forecasted, in this earlv work done sub 
umbra, his future fruitage. One sees through the«iv; plates 
instructive illustrations of critical structures, hinges, denti- 
tion, muscular scars, which 'were largely drawn from j)repar- 
ations made by the student. There is one difficult lithograph 
plate copied entirely from Beecher 's own drawings, made be- 
cause this youthful Launcelot was not content with the draw- 
ings by Hall's expert and finished artists. This is worth re- 
marking because the standard of artistic work in the reproduc- 
tion of the New York fossils was and has always been high. 
There was one immense group of sf^ecies in this descriptive 
work brought together under the generic name of Leptodesma 
— fifty and more of them — to the everlasting confusion of all 
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\\v. v.'Tr*. •:aii--'J u;i.t. to u>e this b(X)k. Critics and review 

rr- V ::i ":i::ii: \ -.•:::«:/] di^j^ust held this fifty up tn sco 

a- i. i-i.-i*r-:!ii: ♦.-vt:rpl<: of the sin of species making. Ai 

'■•r: til!:- vi;? c. -:r;f::larly fertile and suggestive bit oi wor 

■rrii'.-i" t:' •:0r*y'-:i'fr'- cvnrqnion. The st(K:k of the Leptode 

uui' ii.'»s>'»ViV'.l '»•.:'. in la!e Devniiic tinK* into a profusion of e 

pr'-^-j'M :• \\i.^ h rare illustration of racial vitality with vai 

nM'fi i:!r" i:"i- ••.;;<'. t/iou^anrls of Specimens all pos.siV;Ie vai 

aii't • • :»r:r.. o'jtJine and j)rojK)rtion were present. The 

liim^- a;»;**:«ir 'rij th<- pa;^<*s of tlic lKX)k as so many allegt 

sji*.-:!'.-- Mir. iji:*-rh*'r had himself arrived at most of the 

li\ arraii^'ii!;!.' progressive series in various lines and th< 

s-wkiii^* "Ut Their missing links. At the end (►f on-j of the: 

voiuTne^ ar». two cuts jjrinted on the text pages. Nothing 

sai''" ' :' ilirir m^'de of preparation and the user would be vei 

lik«-;v \" 'fix'-- them by a«i zin<* cuts made from stij)pV* drav 

irij:-. 'J h«s«- wf-re the j>roduct of a device conc^'ved 1; 

Bf<« li<T for making a drawing on ground glass with lithe 

gra]i}ii< <ray<;n. as a su]>je<*t for pilot (X-ngraving. P>ut thoug 

he d<.*vis<<J and j perfect e<l the j)rocess in(le])endently it w: 

not <*mj;lowd as th<* inventor had the melancholy exjurient 

of fniding his i;roc<*ss already co])yrighted. 

i have referred to these various matters for h.ere in a pn 
tcntiou*^ work in which tlie young j>aleontologist took his fir: 
pan \\i' find such flecid<<l evi<lence of the (jualit\ of h 
biologic conccj^ts, his preparative" skill, his artistic facil'ty an 
] his m«'chanical ingenuity and dexterity. 

i'f.ifrs^or Hall had a fearless way nf ct>mmitting his Stal 
to his s(i«-ntific j)rojects. He would begin several il.'iboral 
and very <liflferent monograjihs at once, havmg drawing an 
lithograjjliy <lone for each until he involved a ])rovisin!i froi 
the J^latc necessary I'nr the c<Mn])leli<>n of all. A single volum 
would b« vears on the way. and so it hapi)ened that in I'eecl" 
er*'^ earlv vears at ;\lban\ a nunmir on the Devonijn ce])l 
aloji^KJ-. gastropods ain' ])lerop()d»i ap])eared alnio'^l simultc 
neonslv with the othrr an<l though this was mor^ nearl 
complftid at tlu- time »>f iiis o.ming, there were many ev' 
dence> of nice tni:il touches (.n the {'rHuin't^'tla which cam 
I froni him. With the rx^rriilimi ai :i frw Mii?plemeniary descn'i: 

tions of cephalojxid s]Kriis ]iul'lisli<-/i in a i:\'.er \'olume of th 
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Paleontology, Beecher*s appearance in those volumes here end- 
ed. He had done no little to refine and advance the work, but 
his reward was his experience and with this he seemed fully 
content. 

During this period however he was busied with various 
other, things . He had not wholly lost his keen interest in* the 
terrestrial mollusca and he kept in close touch with students 
and collectors in the east, adding considerably to an already 
very extensive collection of these shells which eventually he 
gave to the State Museum. He had made himself expert in 
microscopic technic and some of his fine mountings of the 
radulas of gastropods were the subject of contributions to 
conchological papers. He undertook the microphotography 
of fossils with success, and he became much interrsted in 
human histology and anatc«ny. 

In these days and always Beecher was a keen collector of 
fossils. He had not the physical strength for the omnivorous 
and ponderous effort of that kind but he was the most dis- 
criminating acquirer of the unusual, the exceptional and the 
fine, that it has been my fortune to know. In those days at 
the Albany museum the private collection was permitted, it 
was indeed to the assistant an outlet for individual endeavor 
and a basis for extra-official labor and research. He held with 
the rest of us firmly to the belief that a student of natural sci- 
ence without a private collection or at least the impulse to it 
was in danger of becoming either a starveling or a machine. As 
a student of paleontology, however, new species were inter- 
esting him less and less; it was something new about old 
species that he sought and these new facts were acquired by 
various avenues and new devices. 

In looking over the list of his early papers one sees how 
gradually he was finding himself. Of the 13 publications 
issued before he left Albany for New Haven the majority were 
concholc^ical. only four can be regarded as paleontolc^ical, yet 
this may be somewhat due to the very evident sense of repres- 
sion he felt along the line of the latter. 

A part of Mr Beecher's fine natural equipment for scientific 
research was his indomitable patience necessary to establish 
broad premises. His conclusions were never hasty nor ever 
stated on merely one aspect of the evidence. All the more 
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ur-'«rfi*:iiniir w/i Mrikinj^ of his deductions in his later work 
wiiTi ipr :uiii'J iiad lurried chiefly to prol)lenis of biogenesis are 
ivii«%M 1-. lur frimdfc to Ix* the resuh of tireless acquisition of 
iikii'-ii. <:Ti' •:*i»: f'x'ussin^ of li^ht from every source. In 
>yiii' ^|;u*.•*:♦-r^. jiis methods unknown, their results were not 
!«•-♦. ri»i»:r *.:k-\ were rej^arded as startling, as iconoclastic and 
♦•^♦n iMi'»*":iabk-. 

; j; \\*'ll iliat here a word l>e said in detail as to what his 
VTrvira'-i'ji' was tMi-fore a publication apjK*ared. In cur mu- 
luii a^^'^ laiion in Albany we underUK>k a study of the onto- 
^«ri'^ 'ti t«-naiii brachiojxxi;? from the Upper Siluric ?.t Wal- 
cifrti. 'J lu- materials for (his study were the fine washings 
from b'jtne tons of spiximens brought to Albany by the mu- 
bruni ^ collcn<.»r5. iierein lay t*very stage <if developn«ent of 
tbt-M >hcll.^. Night after night for a whole winter we sorted 
out thi:i maicTial until we v.stimated that fifty ihousmd im- 
niaiurt' brachioi><xls had Ix-en selected and arranged In onto- 
genie si-rics. \Y\> studies of the larval and <level()j)ment phases 
of the- brachi(^jo<lb and trilobitcs were chieHv based on etch- 
ings from tiu- iinu'sioiKs <>f the JlelderlK-rg and Canandaigua 
lake. Tlu'sv t<>> v.ere luimbrred, by thousands. When he 
pubiish<d tiie anatomy c>f the trilobite Triarthrus. an Tjiglish 
author wrot<' m4- "confidential! v" to know if it was to be trust- 
ed. A continental pale<jntologist with a single sandstone cast 
of a lril?»1>iie'> ventral .<urfac<'. <lestruclively attacked his work, 
intimating that it was a dream, a castle in Spain. He iMd not 
know that lJeech<T had a thousand sjK'cim<*ns back of him to 
prov4* his u<»rk and a hundred ]>reparations which for delicacy 
and e.xactitnd* have had U" «<jnal. 

In iHXry .Mr liin'irr ua^ njvi(e<l by professor Mnrsh to 
I/O \t) *.'r;\ Ihi.ii; it: Mu <;tt>a"'itv of assistant in the Pealxxlv 
.MiiNi-iM;: !f, , ] -.ii'^'f i,\ tJM invertebrate fossils. ^Matters in 
Albaii} .'. fp- ♦;'»? ,i;.! ;it ♦■■;if t;'|ii- in furtu to ]>resent a c<)unter 
attra'iior- J'r'if*. v.! !(;•': va- mul' ri^/iinj^ one of the period- 
ical "ii-v*'-^:;';**!'''!-" w;'! •'■:••! In- vsa^ frer|u<'!Uly favored. 
Son, ••'■"•' ■•• ' .♦« " orr !.::;i'<i! by '.i?is\ inj)athetic interests 
ifi tb' *;-'' "• ;' ':■'■ •' '.■* •■ • \u\\r by ;t piT^rnial liostiHty at 
th<- l.«-;"" •' ♦■ ' Pif/-'.- "♦ f! ' ■ "'.' <»-it\. Whatever their 
so''r' • . ■ . ■ • ' '■<■■• I.' » ■:' '.ii'- i-iH*- to these in- 

<jtiiri'- ;?'.'■ *''.:.■* Mm »' • ' •■ ' :. ' r ' !' 'Ill- :!i:in and his work. 
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At the time Mr. Beecher was leaving Albany he was appointed 
by the interests hostile to Hall to a newly created position on 
the Museum staff, "consulting paleontologist/' but this was so 
direct an affront to Hall that with the termination of the in- 
quisition, the place was at once discontinued. 

Mr. Beecher 's life at New Haven opened under th^* hap- 
piest auspices in a nev/ and clearer atmosphere freshened by 
inspiring associations and in his future work he won and kept 
the confidence and loyal support of his colleagues and patron. 
Soon after his coming, and as early as his museum duties al- 
lowed, he began his series of biogenetic studies which have 
been of wide-spread influence on his science and have estab- 
lished the high repute of his work. Among two groups of 
organisms he found the subject matter of most of his future 
studies, the brachiopods and the trilobites. His investigations 
on the former, constituting the earlier series, were inspired 
by the studies under 'way at Albany in preparation of the elab- 
orate two volumes on these structures . He kept in close touch 
with those investigations through his intimate acquaintance 
with Mr. Schuchert and the writer, and most profitably fol- 
lowed out some of the suggestive points therefrom developed. 
His important series of papers on the trilobites may be regard- 
ed as originating in the impulse given bv Matthews*s an- 
nouncement of antennae in Triarthrus becki from the Utica 
shale at Rome, N . Y . Aided by a lease of the locality of these 
interesting fossils taken by professor Marsh he was enabled to 
acquire almost unlimited material and his preparations of the 
pyritized appendages of these creatures are as fine exemplifi- 
cations of his skill in this kind of handiwork as his exposition 
and reconstruction of the anatomv of the animal are of the ac- 
curacy of his correlative powers. With this series of papers 
is to be associated his determmation of larval and later mor- 
phology in other trilobites, all resulting in his classification 
which has altogether revolutionized previously accepted 
schemes . 

In all his work of research, whether at Albany or New 
Haven, he evinced onlv a rather remote and occasional interest 
in problems of geolog}- or stratigraphy, rareiy even in strati- 
graphic paleontology. In the maturer phases of his thought 
he was concerned so wholly with the problems of phvlogeny 
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and hi'>^cnesif« that tht qui'Stiniii* of tini*. rtjiaticm^ amving •'*!- 
^nisms. (>i Thnsrt. distriiiutinii ]iaif'>t:rai»hv. wtrrt IsLTgvly ex- 
cluded. This is >•'. sintjuiar a- !■• Ik- notafni. f'')r Beeciier -was 
es>cntially wiihom academic training in i)ioi':>c"ic scierce : he 
was, however, trained and exj»eriencet: ir stratipraphic jjaiecm- 
tol ofxy, or at least in its requirements W'nerein he had no 
interest he had little symj>ath\ th'Uip-h hi dio lurt lack in ap»- 
preoiation. He was a forci!)k Iliusirati »ti of tiie faa. and to 't 
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il :«■ n p'im im-dnM . .f |i-<>l»ij^u" aTiii c'eiM-^p." aiT^Micies The 
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• '.»n- i;«. i« ,1 r« :l(v:hin :h:i: a mentalitv of un- 

■ ■ • t ' '. . { . I .t/tn,,ii. .11 . -,1, l)( s. ■ Itriiiicdit under the in- 

'■ ^ ....♦!... ., I., i,..oni« riv ir.iK'l-: tin creature of cir- 
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schemes to be of this type in which the sum of all anatomical 
characters rather than variations in one lie at the base ; the two 
just referred to and Hyatt's classification of the cephalopods. 
Beecher's schemes are less obscured with detail and analysis of 
phylogenetic status and hence more adaptive to practical appli- 
cation. Hyatt evmces at every stage the analytical grasp of 
the growth phase and its rapid utilization in classification re- 
sulting in a much more complicated and detailed, if less readily 
applicable scheme. The latter in creating an army of new 
taxonomic values and names has at the same time created the 
necessity for as many more for phases of like value still un- 
expressed ; the former has built without such close analvsis and 
his terms suffice. Hyatt's classification it seems to us will stand 
less well the test of time than those of his disciple, but Hyatt's 
powers of analysis and correlation in this line of biogeny are 
still unparalleled. Out of Belcher's study of the onto^tny of 
fossil brachiopods and trilobites came his noteworthy «reatise 
on the Origin and Significance of Spines, in which the fact, 
recognized though not emphasized before, that the development 
of spines is an indication of the decline in racial vitality which 
precedes extinction, is set forth with a wealth of demonstration. 

The papers we have mentioned will be regarded as the 
broadest in scope of professor Beecher's undertakings, but they 
are not of more permanent value than many of his less pre- 
tentious publications . 

As a teacher of his science Dr. Beecher had won an en- 
viable success. His courses were attended with zeal and in- 
terest and among his graduate students are some whose work 
in his own department of the science has reflected much credit 
on him and on themselves. He had also received substantial 
recognition of his achievements in the honors which ha^ come 
to him. The position he occupied in Yale as Universitv Pro- 
fessor of Paleohtology% Professor of Historical Geology in the 
Sheffield Scientific School and Curator of the geological col- 
lections in the Peabody Museum was his most signal distinc- 
tion . He was also a member of the National Academy of Sci- 
ences, Foreign Correspondent of the Geological Society of 
London, etc. For two years he was President of t\\i Con- 
necticut Academy of Sciences. The record of his published 
works as given in the following list discloses but a part of his 
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artisal arhiovomcntj*. the greater part bcinf^ the esteem and 
^Aal f\i'\(>\'um (i1 his asiMxriates and students. 

lOIIN M. CLARKE. 
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• •::' ;/»|i' » !Ih limits of tlu' ^ohl-hcaring' metamor- 

»■ • :*• • • ' ,' * ',.:i <Mfi;i weir skftohcd ronj^hly, and a no- 

.■ •/ :■ •« ;?'-;,',.-.' '1 f';i ilir sci irs and its two subdivisions. In 

••• .'•<?'!.» I'-;'* '»nd thoM- j'nllowiu^, these fonnation names 

•--' -V •: /.iilioHi iinilMt explanation. The nietamorphism 

'.• ■? « r' 'ij'/;* f.i- wdl Im- tK'.ilrcl in a later paper. 

I hi' (tfilili'iW'iUc formation. 

f/ifiHifn/ti 1 1,« divisiMii nf ilir Mej^uni'a series into two 
»• • ■. .r'i'.fr '1' priid- up'/n a ^iiddcn clian«:fe from strata pre- 
' -J.: jm;i\ an I darl-: ;;r<<'M in i*<»lnr in ty])ical regions, and 
. ?i" ■jIi'",m^ i!' cnnijiiiNitiiiii an<l arenaceous in texture, to 
- ],' 1 -.i' n\\ I oiij.iMiiahl.- 1m'<U \\lii<h an* for the most part lead 
''/'f'! o! Ma'K. in ^omr pLur^ li.i^ht irray and light green: 
..•'.' -.'lui'r^ wlx.ll. :ii L'jlhi' I'Mi- in i-liaractrr . The change is 
■" ■ ;i!,» .jpi ;. • l«» I>'- Kadil'. !• •'•tMii/ahK-. uli<'ther the base of the 
1 !.■ :';i.% I'.i !:i.ili< .i| Im- 1i|;i:-1 « .i •.•,r''"n . 

/ .'•' fr'/i/tif'it '\\\f <.(•!.;. FM lij.' iMrniaticm furnishes the 
;-?';ii!:«l nj)'.:i ■.\ii' ■ '].-, '■']■{•' \ i;"-iiii»' r i- laid in east-west 
■ •. 'I' liiiiil l.-jti'i". ji -1;' i/n •• ■ !i^; riliH' n.'i . 'I'Ui^ results from its 
j/'>iti';n )>>:«.'■. '■. .i;;'-;- iiiwi ':- '^v,-i»cr rl'u-kno'^^. from the 
■:;;ti I :iTi'i ' • r- !-<<!■ '■ ..i' 'i.- ."-.iij- i 'nr. .i,;.'lw,''it ''i<- >ories. and 
ii-'>]\] i'i«- •:;.'•':'.!• :< \ ■*.{.'• •-»" ='; ■ r--. ■.- ■.*> • r'>-vi.in . Only n 
ivw loran'-p- -'I'' • n-..*ii m. ■•• i; t Ij .; f r;, - ;<'.;. lit'! patches sur- 
rnundi'd 1». Il;ili!':.^- ■'..;■ ■ I'l ; ■ <.'-^ tli-- :\\ ><\ interesting^ 
i> the (.'arihoii n;?iiiu: li-T: :. .' '■ !■ i- !• cal'-l a! !h< summit 
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of the Goldenville formation. The usual svncline of the Halifax 
has been puckered into two, with an anticline between; and 
this has been domed up at Caribou, and eroded far enough to 
show- the summit of the Goldenville strata beneath . In the 
west, elliptical areas of this group, on the "banded argillyte" 
as a background, are mapped as occurring in several instances, 
up to a score and more miles in length (Bailey, '98, map) . 

Contact tiitJi the Halifax formation, — The contact between 
the two divisions of the series is always sharp where actually 
observable. It is usually marked by a striking change in 
color of the strata, from the greenish and grayish of the lower , 
rocks to the black, or less often light green, of the upper. 
Faribault ('87, pp. 146-147) speaks of the contact as charac- 
terized by "a few layers of greenish, soft, smooth slate;*' but 
these are absent in many regions . They are the eastern equiv- 
alents of the **banded argillyte" of Bailey. Nowhere has the 
slightest unconformity been seen between the two; one being 
a continuation of the other as regards process of sedimenta- 
tion, and differing from it only in color, texture, and kind of 
material . 

Base unkno'ivn. — The problem of the base of the series is 
insoluble at present . It is easy to find the lowest rocks, funda- 
mental to our observation : but there is no information which 
gives any clue as to the depth of unknown Mcguma below the 
surface of the earth, in the center of the Moose River — Fifteen 
Mile Stream anticline, which holds' the lowest known strata 
in eastern Nova Scotia. 

Thickness. — This makes impossible of answer the ques- 
tion as to the real thickness of the formation. The exposed 
thickness of the series and its subdivisions has lieen computed 
by several students of the field. Hind ('70, '70*, '70**) first 
estimated the thickness of the whole series, calling it 12,000 
feet. The opposite extreme is Prest's estimate of 28,000 feet 
(Bailey, 98, p. 83).. Hind (loc. cit.) gave 9,000 feet as the 
thickness of the lower formation. Faribault ('87) gave 15,- 
000 feet at first, and later (99, p. 2) regarded three miles 
as the depth to which erosion had exposed these beds. Bailey 
('98, p. 31) gives 5.000 feet as a minimum, indicating thus 
the greater difficulty of exact structural work in the west. 
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The two ]>cst Irxralities for measurement, in eastern Xova 
.Scotia, arc from the Moose River anticline, at. its bifurcation 
a mile west of Moose River mines, north to the contact with 
the ifalifax formation ; and from the more northerly 
of the two hranches into which that axis breaks, five 
miles west of Fifteen Mile Stream gfold district, north to the 
contact with the Halifax. The former gives 16,730 feet, the 
latter 17,670 feet as the exposed thickness of the Goldenville. 
Strike faults arc extremely rare in the Meguma series, and 
small where found. The traverses made for the purpose of 
estimating thickness were along lines giving numerous out- 
crops ; and no evidence whatever was found, which would war- 
rant belief in either folding or faulting along the lines meas- 
ured . 

Characteristics of sediments: psammytes. — A few con- 
glomerates are tr) be found in this formation, but are most 
conveniently described later. Finer than these is the "whin/' 
including sediments of all textures between conglomerates on 
one hand and slate on the other. These strata exhibit all de- 
grees oi comjjactncss and metamorphism. from somewhat fri- 
able sandstone to the most dense and highly metamorphosed 
quartzyte ; the latter being abundant and the former rare. As 
a rule they are heavily bedded, single strata reaching thirty 
to forty feet in thj'ckness in some instances, without sign of 
stratification. On the (jther hand, some are but a fraction of 
an inch thick. Thr color is generally dark green when fresh, 
becoming brown tlirough oxidation of sulphides, and finally 
bleaching by continued weatluring to a yellowish or lig^ht 
greenish gray. I'nder a hand lens, one of the most noticeable 
features is the abundance nf <>frains of black or dark smokv 
quartz in srane of the coarser whins. 

The texture of tliesc whins rangc< from coarse grits, al- 
most conglonicra!<'N, to fine (|iiarlzytcs wiili some admixture 
of kaolin. ( )f the former, l!ie thick wliin belt al Mt. Uniacke 
is a gotxl example. Very considerable masses of quartzyte 
are so iinihirni a< alino-t t.) ])revent structural relations from 
being d<'ciph<.red . I'Vequeiitly a zone f.f ui')re noticeably 
cleaved rock '>r lU indistinct knuina (^i ^latv i< al! that can be 
relied ujk 11. Tbv' lack of individuality in the arenaceous sedi- 
!rent.> i"^ '-• marVed that :hcre is n-; (»])portuniry f(»r finding 
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datum planes which can be used as a basis for the larger struc- 
tural problems. It may be that, on the whole, the whin is 
more abundant and somewhat coarser near the base of the 
formation, becoming finer above ; but the differences are neith- 
er strong nor persistent. At certain horizons, in restricted 
districts, the whin forms a noticeably small proportion. 

Characteristics of sediments: slates. — The slates varv less 
than the whin. Their color is usually a bluish or greenish 
black, often altered by chlorite to a somewhat lighter green, 
or by the rusting of sulphides to a brown . Their commonest 
surface color when well weathered is gray . Color changes are 
by no means so frequent or so violent as in the green slate 
section at the base of the Halifax formation. In thickness 
the slate is often a mere parting in the quartzyte, and seldom 
attains a greater amount than a few feet in a single stratum. 
Usually it is a few inches or less . The rock is in places graph- 
itic, but not commonly or so noticeably as in the overlying 
formation. Near the base of the series slate is said to be less 
abundant, and the belts thinner on the average; yet at Moose 
River, whose rocks lie almost at the lowest known level in the 
formation, there is a belt of slate of considerable thickness, with 
a very small amount of whin within it. The highest propor- 
tion of slate to whin is stated to be found near the center of the 
Goldenville, but of this we have as yet no proof. In most of 
the gold districts this rock is distributed in thin belts between 
well-defined quartzyte w^alls; and this has determined in large 
part the position and character of the mining districts. Old- 
ham, Goldenville, and Montague are good examples. 

Pro[>ortion of slate to quartzyte. — By far the larger part 
of the Goldenville formation is composed of sandstones, 
quartzytes, and their more metamorphosed schistose equiv- 
alents. At what may conveniently be called the "horizons of 
most abundant slate," exposed on the domes now worked for 
gold, it yet, by measurements in a mmiber of districts, averages 
less than 20% of the whole. In parts of Moose River it 
amounts to much more, but the district is exceptional. In 
the westernmost quarry, areas 70 and 71 block i, the rock is 
33% slate ; in one of the cross-cut trenches 60%^ and in several 
other parts of the district nearly 50%. Estimates based upon 
the thickness of these slate horizons on the different anticlines, 
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IT. 'I U'-r iPm.Ur. »fKlir;i!(' that the workable parts ♦:£ -±- 
I,,..,,-. Jw.ii.fi *^ i f^i\\\t\ liiit a small proportion of the ir.::'.:- 
., . .' ^.. •,..!*] n liU It is jirohahle that the slate conniKJcf 
' , . *-.• .•: '\ f 'iAa\ tliJrkncss rxjMiscd in the formatiijii. 

\ ,,M. . ,:* .,r..f\\\ 'troi arises in nfj^lecting the slate ^.eis 
,,./» ,'•. ..w, . . :... '•! ii/ III ih<- thick whin ])elts between the £r.- 
;,:;../■ .mi >,-^ r ifi'.n^ iiiijicatc that this would not increa:?^ 
t., ,.♦.. .." ^li.in •.,'/. Another source of uncertainrr 

,\ til/ -t I ilia. I'.etwcen Moose River ar:-- 
•/ M.ihhiv fnrniatinn on the north, there !> 
,*. j.'.i.i o . ; , ,'7/ 't\ :.latr, in a thickness of over i6,iji:i; 
. , • ' • /.•. : i^' f .-.iniilai •.(•riinns at some other place, on 

•/:.- :,* ^.iiimI srviT:il times that amount. 

tf i,nhnii nf 'Jiih' luirizous . — Moreovcr. these 

I • .. M . 'Italic distribution in vertical suc- 

'.; .1 rSi.flinin ahcrnatmn of whin and sl^te. 

, ^'-'.i' 'I'j/ili. nt (juart/yte almost barren of 

/'. • li" li li.ivc a considerable proportion 

. . ■'. •!•' ihi' l.nr s of these whin belts varies 

f.Mij'iiii' I mm s<inu'what less than a 

■ H.'l fill It i^ impossible to g'ive 

• / ,'''♦!! ilir slate hearini^ liorizons, be- 

• }.' .'I Iwr.'.-. iw. |)r(»l)al)ilily that these ho- 

• '.•■ . •'■ ' .'.? j.ii'j.il* hill i«» Mill under and over one 

■ ■'■'. «)j.i» '.'.iild \'\\f a vertical arrangement in 

■ •'/ . '.j lull I .lit llir ti^p T'le (juestion of the 
•..' .:.': .'Iii.il Hal. I '.I !',i< Mij,s nf irata is a puzzling- 
■ ' .:'. ' !,' « 'J ;tii\ dr-.liiiiMi\ (• li.iri/nns within the 
' ' ',' '1" i'.i m;:!! I' II ■'■iil.iel |)l:ii:e. ir.;ikes exact State- 
,,'. .!»!' r.M.i tin- !;ii<- li'iii/f,n- exp-ised by denuda- 
I'.'i-- '.li- I .1 j.;»rii.il Mil»-iiuih'. At about the 
' I',' ' !•'!'.« r ii"!«- :m« livi- aniiclines, from the 
.■ '■:< Mi!!ii \t, t'l, ( ;i!!,( •ii!iVr<;n-> Inwlaihl ^n tlie north. 
' ' ' ^■Il.■.' ill'- .M<M. « l\!\ei- ;iii»l < nil). Ill i''>l<N These 
.•■. i:'.!t)! \- , -'inHj. -Ii'- ' i'lld I .al. <■«'.■ 'hl'iivillc. Moose- 
.'.11. L;!i «• < ;it' )i;i .--a!!:!-'!! I\p«r. I a!ii;ier- 1 larrigan 
< •,-.'•. ;in'l ■-•■i:!!i'ni ;:iiti i-iMs (I'ui 'r('.i. .^iT^. ( an., docs. 
Ml, (i.i.\, ^.-^.j : N .'" . -Ix'ts 40. 50, 51 ). W itliiii a t« \v niin- 
nii-- (<f I'liL'itiid' ca^? .'I'ld west the ininin'j; di^trict^ nt < ]old 
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Lake, Mooseland, and Tangier are situated on three of the 
arches . A cross section of the region shows that none of these 
anticlines give horizons at the surface which are exact strati- 
graphic equivalents of each other. From the axis at Moose 
River at the lowest known horizon, to the upper contact of the 
Goldenville formation on the north, the dips are all north ; and 
give about 16,900 feet of strata. Allowing 400 feet as the 
maximum thickness of the slate horizon at Moose River, there 

« 

are 16,500 feet of Goldenville strata stratigraphically over it; 
and in that thickness at least three zones of slate-bearing rocks 
should appear. 

Three good traverses are possible from the Moose River 
axis northward in and near the district of that name — a west- 
ern one, two or three miles west of the main settlement,, along 
the old Moose River road north to Higgins settlement ; a sec- 
ond along the present road north from Moose River mines; 
and an eastern one, three miles east of the mines, along the dis- 
used road through the Icelandic settlement. All these tra- 
verses give numerous exposures, and it seems impossible that 
slate-bearing horizons aggregating probably 4500 feet in thick- 
ness, should escape observ-ation : but they have not been seen. 
Moreover, the vein-bearing horizon at Caribou shows no slate 
or leads where it emerges again from under the Halifax form- 
ation, south of Caribou. These facts would indicate that not 
only do individual strata extend a comparatively short distance 
north and south, but that whole groups of strata, represent- 
ing individual and localized conditions of deposition, are quite 
circumscribed in their extent. Indeed, it is often impossible 
to match strata satisfactorily on the opposite sides of a single 
anticline and within a few hundred feet; and this, too, with 
good artificial exposures. 

Continuity of strata: along the strike. — The same criteria 
are more difficult of application directly along the strike, be- 
cause the pitch of the domes is always gentle compared with 
the dip of the legs of the anticlines. One case, however, is 
especially noticeable. The dome at Caribou, Halifax county, 
is located at the top of the Goldenville formation ; and its po- 
sition is closely defined by the only exact datum plane we 
I^ow — the contact with the base of the Halifax. Eastward 
ten miles, along the same axis, the Goldenville emerges from 
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lh»: ri'/ak of black strata : but no horizon of vein-bearing^ slates 
i> kii"\\i'. . y\*jri:<.\i:r, very many points of contact between 
XuK iw'» k»r?iiati'jns hav<* been seen by various observers, but 
J caimo? fiTi'J iliai any hrjrizon similar to the one at Caribou has 
bt<Mi iiMied. The fact that there is no striking similarity in 
bun:<-ssi'^) of strata between the various domes on the same 
anvidlTn-, evjx-cially where, as is true in several instances, more 
tlian two domes have been made on the same axis, also points 
t>wmii\\' to the same conchision reached in north and south 
travcr*^s. The strata of this formation are markedly discon- 
tinuous in all directions; and this is especially true of its finest 
sedimefits, which in other countries are normally persistent 
to a greater extent than coars<* ones. 

Conditions of deposition. — The few and local conglomer- 
ates of the Goldenville have in no instance been proved to lie 
at tlK' base of the series ; hence we cannot learn under what 
conditions its deposition began. We know, however, that 
these were so unstable as to cause the accumulation of fine and 
coarse material alternately through the jKTiod of action, the 
latter strongly predominating. The conglomerates indicate 
a probable shore line not far distant at some time or times. 
The sands and grits show a condition of quite shallow water 
during most of the sedimentation ; but the slate horizons do 
not, on the other hand, i)rove an oscillation of the sea bottom. 
Such changes of level arc more or less widespread, and the 
slate strata in the formation appear not to have a lateral ex- 
tent commensurate with that condition. Moreover, many slate 
partings are too thin for their deposition to have occupied the 
whole time required under normal conditions of sedimentation, 
while such a secular change oi dej^th was in pr(\gress. They 
are, however, readily explained l)y more local and transient 
causes . 

'J1ie sudden rmd blunt ending of strata in some cases, as at 
West Wavcrly ; the rapid thinning «.f others, as the whin over- 
Ivinq: the To. I'avlor Ixlt of "leads" at Moose River mines; 
the very a]i]\irLnt non-persistence of individual and grouped 
strata over extensive areas, so that the beds are much more 
found in most other formations oi great area and frequently no 
coarser, — all appear to me best ey])laine«l in one way, not com- 
monly emjiloyed in accounting for the ])resence of extensive 
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series of strata. This is by the deposition of the sediments 
of the Goldenville in moderately shallow water, upon a floor 
essentially flat under the area now covered by the strata, and 
influenced by somewhat violent currents and waves, constantly 
shifting their relations. Tidal changes in depth of water and 
direction of transj^ortation may suffice to account for some of 
the phenomena ot distribution of sediments, but not for all. 
These currents created unevennesses of bottom through dif- 
ferential deposition, and changed the character of the detritus 
in any place suddenly, according to the direction and force of 
the flow at the time. 

The known thickness of the formation is more than 17,000 
feet. How much lies below the exposed part we cannot tell. 
It may be considerable ; it can hardly be less than hundreds of 
feet, and probably amounts to thousands. The top is not 
essentially different from the bottom in texture. There is 
perhaps a finer average of the whin and a greater abundance 
of the slate near the center, although any difference which 
exists is not marked. Taken as a whole, the quartzytes keep 
their texture, and there is no such progression from a coarse 
base to a fine summit, or vice versa, as often is found. This 
indicates that the conditions of sedimentation were the same at 
the top as at the bottom. But the 17,000 feet represent solid, 
compact rock. How much bulk the sediments lose by super- 
incumbent pressure and by loss of water, both during and af- 
ter deposition, it is difficult to estimate. It is safe to say, how- 
ever, that the strata now exposed would, in their original un- 
compacted state, have occupied a vertical column far higher 
than the present thickness of the formation. This does not 
mean that they were ever thicker to that extent; but it does 
mean that, to keep the sea bottom at a fairly even depth, the 
sinking of the original bottom, minus the compressive com- 
pacting of the lower strata by tliose continually forming over 
them, must have been equal to about 17,000 feet, and possibly 
more. The theory of the deposition of these sediments under 
the influence of currents lends itself readilv to this view of the 
position of the sea bottom and the sinking of the detritus. 

The Halifax fonnation. 

Distribution. — The Halifax formation is distributed in 
narrow zones or bands, running with the general strike of the 
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serie«?, and ap|)earing to be inlaid upon a background of the 
Gr*Idenvillo. In the field, and on such geologic sheets as have 
been published fo/ the eastern half of the province, it is notice- 
able that these bands taper at l>oth ends, with a resulting^ canoe- 
shaped outline. The intervals between the zones vary greatly, 
as do their widths. Thus, between the nearer margins of 
ffalifax strata in the VVaternish and St. Mar\''s Bay s^Ticlines, 
in th** l^'^ri^itude (*f Indian harlK)r, there is an inter\'al of eight 
mil^^, ''*fruf>ird entirely by strata of the lower formation. Be- 
tw<"^n th^ VVaternish and Sherbr(X)ke synclines the Golden ville 
y>f'f\< rovfT six aii'i one-half miles acn^ss the strike. On the 
oth^r hand, l>ctwe<n the Ruth I'\'ill and Liscomb Harbor svn- 
rhn^s, thry are in otie place only half a mile wide. This is, 
h<'*w^vfr, rxrcptional. 

ft ']> djffirnlt tr> estimate tlu* relative areas occupied by the 
f'^^» fortnafjons. C>)nditir)ns in the western half of the prov- 
inr^- ar^- v«ry riiffcjcnt in this, as in other matters relating to 
th^ di-tribntjon of the two j^roups (^f rocks. An average of 
fiv tr;iv^Tsrs al rliffcrent places east of Halifax, and aggre- 
^atinj^ ovrr fifty iiiilcs, j^ivcs a distribution in the ratio of about 
on'- 'f\ Halifax to five oi ( ioldenville strata, across the strike. 

( harttrtrr of sediments. — The rocks arc chiefly slates, of- 
t'ti vrv line L'raincrl and ovmlv bedded. Indeed, in manv 
{>Ia« '-^ it is necessary, in the study of structure, to take ad- 
vant;i^r of the fa- t that crystals oi pyrite lie abundantly in the 
•^trjititimtion i)laTKs. 'I he rolrjr of tlie slates varies from dull 
bla« 1-: through <l)?j(ics of Macki^li .i^ray to liq-jit £::ray, and light 
<)\\\'i' ^OTcti . TluTe i^ r;ir^-1\, if <v<'r, the jieculiar dark green 
^ivTi \(* soriK- "f the sln^s in th* ' I'lM^-nvilk^ hy an abundance 
of ehl<;ritr and •.w.^n- \\\'\'U\\Vv li.<'r-'T- ^^li'-ates. In few in- 
stan«'r> would a i.ano ^:-. .:.-; ''.•;■ • 'm :i formation, ])laced 
sid^' h's > i'^'". ]>r( >■■■ I .•'.r,!-'--.- !:.:■■ 

Th< li!'!' I -'.'*• - ;t- '.?'•■• ' \ '/' • l.iti'-, an<l to an ex- 

tent indi- t'i:'.' \\\ .•'.■•■ ■ ' • ■••.ai*!'^ in which 

the M' 1.; !.!•■'' • • -■ ''• ; ■■ '' ' ■ Hi-v als<"i con- 

tain sii'!i -■! ■'; .'.•<• ;•:•. ;..'l\ aloni^ thc 

straiit: ■: ;;■ : . •.'.:,. •.•• .'. -liavartcristic 

ru^t' '.•■■.■ ; ' ■ . 

;-.;i- ;. ^-^ . ■ ■ / ■ ■ • •'•Ml'. J.. tr'ant in 

(ji;ant i; ■'. ;;»■'! <;./'./ • / ■ ■ > 1 • -i i/r n- as tO 
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be of use stratigraphically is not known. They are never, so 
far as I have observed, of as coarse texture as some in the 
Goldenville, which become grits; but their color is in cases 
identical, and often onlv their association with carthv black 
or green slates distinguishes these quartzytes from similar 
beds in the lower formation . Hand specimens are insufficient . 

Continuity of strata. — It is impossible, because of the ab- 
sence of structural domes developed for mining purposes, to 
say whether the strata are widely continuous or not; but one 
fact is important in this connection. While in the Goldenville 
it is common to find blunt terminations to thin strata, empha- 
sizing their lens-like shape, such phenomena do not appear in 
the Halifax, to my knowledge. The finer texture of the sedi- 
ments of the upper formation also argues for a probable great- 
er equality of the conditions of deposition, hence more extend- 
ed laminae and strata. 

''Banded argillyte division.'' — Very rarely within the form- 
ation, but abundantly near its base, occur strata of light ma- 
terial — "greenish, argillaceous and chloritic soft slate," of little 
thickness at the east end of the province, but increasing to a 
considerable thickness at the west end. A few lavers of 
magnesian siliceous limestone have also been noted at diflPerent 
places, at the base of the group, overlying conformably the 
quartzyte of the lower division (Faribault, '99, p. 2) . In the 
west, Bailey ('98, p. 28) mentions gray, green, and purple 
slates, most of the green, purple and blue being grayish ; often 
alternate in color, and thin bedded . Some quartzyte strata are 
interspersed . 

It is this which Bailey has called the "banded argillyte di- 
vision" (loc. cit.) . He states, however, that there is a grad- 
ual transition between the quartzyte and banded argillyte, and 
between the latter and the black slate . In the east of the prov- 
ince these beds are never more than a few feet thick, and are 
often absent altogether. In the west they are said to attain a 
thickness of several thousand feet. In the former region, no 
one who has studied them has given evidence of a belief that 
they should be erected into a separate formation. In the field 
they appear merely as a basal phase of the Halifax. Traverses 
of a number of the areas in the western country have made me 
doubt the necessitv of such a division there, much of the meta- 
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morphic material placed under it being readily referable to one 
or the other of the two great divisions. IndLcl, the mapping of 
the region on a three-fold basis brings out some incongruities; 
as in the eastern part of the field mapped by Bailey (*g8, map), 
where a large patch of the Goldcnville is shown adjacent to 
Halifax strata, with none of the "banded argillyte division" be- 
tween . 

On th^ whole, therefore, it seems best not to nime a third 
formation until stronger pnxDf has been presented of its im- 
portance as a separate stratigraphic part of the Meguma series. 

Erosion from top of scries. — The original summit of the 
series has been lost through erosion, or at least has never been 
found in the most favorable places — the centers of synclines. 
Thus we have no knowledge of the thickness of the undenuded 
Halifax fonnation. Moreover, we have no adecjuate criterion 
by which to judge how nuich of it has ])ecn lost. The small 
amount of territory covered by it at present, scarcely five per 
cent, of the area of the series, indicates that a large propor- 
tion of its original bight must have gone. 

At the west end of Tor bay, near the eastern extremity of 
the province, there are two very strong synclines of adalusite 
schist. Faribault ('87, p. 149) regards these as perhaps a 
superjacent series. But they appear to be better regarded as 
a more highly metamorphosed part of the Meguma : for if they 
are a newer series conformable with the lower, the Halifax 
formation which immediately underlies it is, complete, only 
1800 feet thick. The mining settlement of Rawdon is situated 
on reddish slates which are thought In* s(^mc tr^ be a formation 
overlying the Halifax conformably; but as to that there is no 
conclusive evidence as yet. 

Thickness. — Estimates of thickness vary greatly. Hind 
(70, 70", 70*') called it 3,000 feet. B.ailey ( '<;8, p. 46) gives 
3,000 feet as a probable minimum f(^r the black slates. But 
this estimate dr)es not include the "banded argillyte division/' 
at least a i)art of which pn:;bably can ])e regarded for the pres- 
ent as within the Halifax. If it really rcf^resents a westward 
thickening of tlie thin brind< of the east, it is fair tentativelv to 
include nil of it wilhin that ftirniation . X«) r-larement is made, 
in thr ])apor referred .0. as to tlu- lliickm-s i.f tliese bailded 
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argillytes. Faribault ('99, p. 2) calls the Halifax roughly 
two miles in thickness. 

The thickest sections of which I have direct estimate are 
( I ) in Halifax county on the Caribou anticline, two miles west 
of Caribou settlement at the end of a dome of Goldenville 
rocks which projects through the Halifax, the latter appearing • 
to be 4,600 feet thick; (2) in Guysborough county on the St. 
Mary's Bay syncline, a mile west of where West river crosses 
it, the formation measuring here approximately 4,800 feet; 
and (3) Halifax peninsula. This last is the only instance, at 
least in the eastern part of the province, in which the Halifax 
attains a considerable breadth by repeated folds; and here, 
unless unknown strike faults are present, the thickness is ap- 
proximately 11,600 feet. Strike faults are rare throughout 
the series, and the few known are extremely small and local. 
There is, moreover, no proof of such faults of any appreciable 
throw, iri the many exposures in the city of Halifax. 

Conditions of deposition. — The conditions of sedimentation 
in the Halifax were much more uniform than in the lower 
formation. The scarcity of quartzytes and the fineness and 
evenness of texture of the slates, indicate somewhat deeper 
water with little of the action which gave to the Goldenville 
its peculiar distribution of strata. The normal conditions of 
deposition prevailed. The deeper water signifies either a 
more distant land mass, or one worn much lower, so that not 
much material coarser than mud reached the oflF-shore bottom . 
A few limestones are reported from various localities; and es- 
pecially are thin layers found at the base of the formation. 
One, of a black color, outcrops on the east side of Halifax 
harbor. Wherever found, these indicate a nearly complete 
cessation of mechanical deposition. But usually the change 
from the lower to the higher group of rocks is marked by the 
light green, gray, and black banded slates. These apparently 
indicate a slightly different source of material ; and their greater 
thickness in the west than in the east suggest one or more of 
three conditions: either a larger body of rock in the western 
part of the pre-Meguma land mass, from which this could 
come : or a quicker subsidence in the east than in the west ; or 
the presence of the pre-Meguma land nearer to the western 
seat of deposition. I know of no way t(^ decide Ix^tween tlicse 
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fy'^Mt>iIi*i'^«;. They arc not, indeed, alternatives, as any two 
Mr ;dl ihr^'" m^v h;:vc obtained. I'rom other evidence, it stems 
\)T'>)\7ih\c fhat thf last of the three, at least, existed. 

i: ui,*}irr.^ a<: to the def^th of water during deposition . 

I !\*'tiir.^ /// sediments. — The varying texture of the sedi- 
•ni'Ht^ ii\U^rf\< an index of slight probable differences in depth 
A iMtrr ;n <f>\\\e cam's. hor instance. Hind C72, p. 76) men- 
';*,»\s m-'AX ( f>'<((Auh lake, Mt. I'niacke, a belt of sandstone 
^^, i.--M r'l.irk. A grit at the l)f)ttoni, becoming steadily finer 
■^yy^rA . Vf<iny of the coarse sand grains are a translucent 
',ii;, .'f,\c^ . This, if may be remarked, is characteristic of 
m'-,r!i f.\ ^\\f' ro?irser fpiiirtzyte of the series, the grains being 
►r'Ti Wl^rk. or a dark smokv brown. 

f/.y»r<fo})r^ A limestone has already been mentioned 
if r.^! ' 7/f. p 7K; vvritr-s of "twisted and contorted slates with 
Ivtr.'-I-: '>\ ;ifl»//natf' of linic" at Mt. I'niacke; but these bands 
.»'•.•■' i:,r'rf);ib! y th" stratified veins. The Goldenville fonnation 
■-r, *■■.'■ A' u^ rr.M^ h lifii*- as a ccnirnt in the rock: which mav have 
•/,•..' or.i^inally from organisms or have bc'en introduced by va- 
l/.r^ 'A:.f\ -fir^ har;4'd waters worlang interstitially, or have been 
AU ' >r \i'\*,\'^\\ ( 'ifi^tiincnt of the feldspathic components of the 
5::,'.^:.. \\\ view of the arko>c nature <){ nuich of the quartzyte in 
'!.?!■'< r' f»t part", (»f the fornialiofi. and t!ie amount of kaolin pres- 
':.* ;: -iriAM in thin seetiofis, the last supjK)sition appears rea- 
^fr.;',\\,\f Any -erlimentary lime, however, is evidence of alack 
'A 'Ia.fi' fnatefial in tin- water, and eillier of such deepening" of 
^}j' ■/, afer as eeasc(I tu allow mechanical detritus to be carried 
•<o fai, '.I a 'liaii^^e in enrniit aeli<;n wlierehy no sediment was 
f' 'I fo a jiarl of tin l)Mt'(.ii], and the calcare<.us and siliceous 
(.*)■/>■ t(aih< r<d l-'i- a peri''] niniiixril with mud. 

( r<>.sx-h,-(i(liii[- .■ ( r'>>- It' .Mi:it^^ -la^ n*;* been mentioned bv 
an; anili'.r a- ciiar.'tetn ;-; i^- .i a!;- ' i I'l-.r ]i<;riz-_-n.'^ in the se- 
j-ie-^. it is Piuk: mi :i n"; :";..! . ; '• (jiiti.-^. widely separated 
^[r(,'^v:\u]\\:^]]v aiid ^t ia?i-r:';.h*- :• '• . I'.'.-i'U- the shore road 
of die \\i -' e i.'i-t ..]■ the pr':-.:;, < - ".•■■ '■:]<] > i"-- half miles south 
(;f :he \ iii.'L.' -f '''■.h;::''^ li.i'h ' .- ■:: •■ •' ; -Miv. c^dvin^.a struc- 
turr \^h:-'; .ii-.a- .l-p'-;*:-:' ■':■■.. :'■ - -.-ti . The 'lark bio~ 
titv ^eh'-' '- -i:!-:':.! '•• *.•• h ■■ !.• : ■ '. ■ ■'' ?:'•• r^L:i<")n. Xear 
the sa:ii'. -trani^rrij/n-.' ' ;•/ •. ;■ ; •.:■■::.' r i:-. auf.ther e\-i- 
dence of >i.'/al *'.ai'T ! ;.' ! h ■ .' lliiifi-; IniTor con- 
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tains many feet of finely cross-bedded quartzytes, giving con- 
flicting evidence as to direction of current. 

Ripple marks. — These are mentioned occasionally in the 
literature of the series. Hind ('72, p. 78) speaking of a de- 
tailed section made at Mt. Uniacke in 1869 by A. Michel of 
the Geological Survey of Canada, alludes to a "slaty sandstone 
— ripple-marked dip 71 north." Bailey ('98, p. 56) speaks of 
the rocks of Lockport island, Shelburne county, as distinctly 
ripple-marked. Certain strata en the west side of Halifax har- 
bor show the same phenomenon. 

Conglanterates . — Conglomerates have been reported from 
a number of localities, chiefly in the western half of the series, 
and all in the lower formation. The eastern occurrences noted 
in literature are at Mt. Uniacke and West Waverlev. At the 
fomier place Hind notes C72, p. 78), in the cross-trenched 
section by A. Michel, a stratum of "slaty sandstone holding a 
few slate pebbles . " In the latter district, the same author men- 
tions ('69, p. 21) in the Tudor group of beds, "heavy-bedded 
gray whin, holding pebbles of blue-black slate." In the strata 
accompanying the Rose group of leads, he speaks of a "fine- 
grained whin, holding a few pebbles of the dark bluish-gray 
slate." In a careful survey of the district I did not find anv 
true fragmental pebbles, either in the strata mentioned or in 
others. What I have found, however, is a number of lenses 
of slate in the quartzyte, some but a few inches in length ; and 
the blunt ends of others. All are flat, their shape ranging from 
that of rather flat ovoidal concretions to thickened discs. That 
they are not concretions is shown by their composition, and the 
disposition of the material. There are, however, certain hori- 
zons of concretionary quartzyte at West Waverley. There are 
a number of localities containing concretions which might be 
taken for pebbles at first sight by some ; as, for instance, Moose 
River mines and the w-est side of Halifax harbor, near York 
Redoubt . 

In the west, Bailey reports conglomerates from a number 
of localities. Near Port la Tour, Shelburne county ('98, p. 
59), is a true conglomerate, "mainly of quartzyte" (MS let- 
ter) . At the settlement of Pubnico Harbor, Yarmouth county, 
he speaks of "the inclosure in the lieds of numerous well-de- 
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iiw\ |M!)liIrs. mostly a quartzyte, the rock l>eing really a 

'jij:*ft/ylr" r<>S. |>|). 67-68). 

\ mil'' M>nth of the* village of Puhnico Harbor, where the 

t:*tU*t:tt\ to jianinf^ton crossi^s the same rciad mentioned in con- 

Ti'Mw/ti with rrnss-lKMltlinj^, is a scricite schist, altered from a 

i;tu'Uu.'ttt , ;m«| cnntaituiijij olivo-jjrecn (juartzNle pebbles, some- 

r. f >» p -« tnhhnj4 ira^i^^ivo serpentine. This is probably part of 

*•' I'.f iij;i!i«iii n«it<«l hy i>ailey in the same region. The schist 

':- ♦f.'vh hiM- hiMiiir irrej^iilarly ifistributed through it. The 

•./•.'•,;': :»ii Mifluuntlv resistant to stand out well on the 

, *>•''.#»! /I ;iir|;ii«',. and I eeasiiMially these surfaces show pits 

' ' •', J'<- - '>! !h«- |»<hlih> . 

'" //'.♦'rn Iliad. ^« nth oi l-4X*k]>ort, Shelbume county, 

• • ' ■•'•/♦- ' (ti- \\\i\i Mttn* . . . beds made up of well round- 

/ v/'Jri'. '.f tlir \j7<- i>l' hnlKis" ilrn:. cit., p. 56). In 

• :' • ' -»r»ni|d\ I iMii^lonu ratio n>cks of Yarmouth, he 

'• '/M |i«lilili^ np to a fi'ot in diameter, of grray 

• / ' »i.ii;i, in I'thers .>t a "crray or purple-gray 

• • ' '■" '• ti« l«:r' n«t determined. In a MS. letter 

• •Id padne. anil rt-oalling the vesicular 

i lhni>nian .li^e nnderlying the Cam- 

I' Imi " I If v^.n>iilers them practically 

I • • t 111- I l;tvsiiu^\ti«»n : but on the map 

•• 'I" ^^ h' 1' ti i:ii n is colored as division 
' ■ 1 1 1 1 1 lilt) 

■' "•'•^ iH.ii ilu- mriith of a brook 

■■■' •'••I ' 1^ v.iitl by Bailey to be 

' ' ■ ' ..»•■;. '.la vate. the cement of 

' 1 <s \ traverse of the 

• ■■•■' ' -.txi' die strata, nor 

■• 1 •'■'•■- ■. . ! :; The nearest 

• , ^:nall piece of 

\ natrix being 

::^lred yards 

■ ' ■ ^ . i v Uailey in 

i . is a vein 

' • V i i n faulteil 

. V'U'd into a 

■ ■ ' • ■■■■^ itinera te» 
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Origin , 

Pre-Meguma continent unknoum. — The Meguma series 
stands almost alone among the large stratified groups on the 
continent, in having no rocks visibly subjacent to it, in vertical 
or areal distribution. Neither bottom nor margin is known. 
The granites show no horses of a foreign and presumably older 
series. The conglomerates give little hint of what must havo> 
been a very large land mass. The schists of the Yarmouth re- 
gion were at one time regarded as subjacent to the Meguma 
series, but are not now so considered. In the east, Faribault 
says ('87, p. 146) "The base of the quartzyte group is char- 
acterized by the occurrence of coarse quartzyte and grit in cer- 
tain beds which, at the mouth of St. Mary's river, appear to be 
underlain by bluish-black and greenish siliceous slate holding 
small crystals of andalusite or staurolite.*' But no proof of the 
separateness of these rocks is given, and they may well be only 
a more highly metamorphosed part of the Goldenville forma- 
tion. Nor does the author show, either in the text or the map 
sheet (nos. 28, 29; Geol. Surv. Can., docs. 382, 383), that 
they lie at the base of the series . 

The southern, western, and part of the eastern margins lie 
under the sea, the original shore regions having of course long 
since vanished. The northern and part of the eastern margins 
lie under younger sediments. 

Problem of original dimensions: original extent and thick- 
ness. — Evidence as to the original dimensions of the series is 
circumstantial onlv, like that for several other factors in its 
history. Its lateral extent must have been much greater than 
at present . The only hint of the proximity of the pre-Meguma 
land comes from the few conglomerates, chiefly in the west. 
None of these have been proved to be basal, hence cannot be 
used as arguments for the proximity of the shore at the begin- 
ning of sedimentation. At the east, the present strike of the 
series carries its northern contact clear of the south shore of 
Cape Breton; and, unless its strata extend far to the north 
under the Devonian, it is not to be expected that Meguma rocks 
would be found on the island. A small circular area of this 
age is, indeed, mapped in southern Cape Breton (Geol. Surv. 
Can., doc. 203), occupying only about one-fourth of a square 
mile, and surrounded by pre-Cambrian rocks; but what evi- 
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fU'Utf tJKTr is ior correlating it with the Meguma I do not 

kn^'/.v . 

All rh;it nm l»" <ai(l definitely at present, upon the subject 
r,i f.T\^\ii:i\ f'\\rut, is that the character of the sediments gives 
no irKJiratiofi of the proximity of any natural margin, and the 
rV»rM:(T l;it' ral <\f(nt was probably much greater than now ex- 
j>/.^r^I. r\'r]] wrrr the strata straightened out and the folds 
"liiniTiatrH . 

]\v\f]r]\rr ;i^ \(p ^rraler original thickness is of four classes. 
uffUf of \«. hifll gives delinite quantitative results. The first 
;, f]if' fvtrut of yonnger sediment composed of material which 
rn;iy liav^- h'rn derived from the Meguma. No measurements 
hri'.f l><Mi niadc wliich woul<l justify giving figures on this mat- 
u-T . f'tit th/' arra an<l thickness of the lower Carboniferous 
'•'-.TigloTFi'Tatc in the eastern half of the province, where it is 
. /-^Ti.po./ d ;dnlo^t cntirclv of Meguma waste in parts, are both 

• oTi.jd' rafiN- It i' vrry noticeable at ("iays River mines, Cold- 
^fr';i:r», ^ ',1(Im Jcr county, that the conglomerate contains a 
!;»r:^' ;i:;:'»init of ojir mek not now found as a part of the older 
.'r;/ ;i dnll ri<\ sandstone. The rest is readilv traceable to 
^ll' \b'/'Mna 'j Ms rc<l of com'se mav be Devonian; but there 
:.. I.', 'vmI'!1'«- thai it i-^. and the boulders at Gavs River have 
'•..dMi»!. not travillcd far. Again, there may have been an 
•;|.;,' r f'.rn:ation in tlir Mcgtima. now eroded completely away 
;i)j'! j.T' M-v'd in th'x- rdir^ ; "r the latter may come from a 

'.^M)[''V '•}:> h'l'.u t'lc hcv nian. altlK.ngh we know of none 
• :.:■ Ii ar; .'. ' r til'- <i'-vTij>ti' )n . 

I 'i' ''',nd ( ]i ^ '•{ ••\i'!«n(-( a- to ll'.r former thickness of 
di'- M'-'.-nma i«. it - .MrncMirc. I la f'ld< arr as sharp and well- 

♦ '<r!i:'il ;i! :l.r jiK^cni -rir.;;!* a- a* tin- l>''ttoni: and, except at 
t':' ■ •:'! If!'- •■•' .; ;: • • •••. c - r.i ■•;:.- wliioli appear to be 

i;-.'-. >'-* .'.!•:!•■ l«!ittle. The whole 

•!•■ • ■ ;• . . ' ■ ■■: l'\ the scries indi- 

!:,■•; •■ .;. '^ir Z' -ne of plastic- 

••^ .•.«;•■ '■ • • ' ■■, • • • ■• f-actnrc. 

r • ■■■... na.-tamorphism. 

•■■■•••.■■•-■ ;'• •■•t T)aper. It is 

:••. -i; ■:'.Moni. and of 

• : ^1. "f superin- 
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' cumbcnt sediment for its growth. Moreover, it is all pre-Car- 
boniferous. and probably considerably antedates that period. 

The fourth group of testimony comes from the intrusions. 
With the exception of dioritic marginal phases and dioryte 
apophyses, they are all granitic and abyssal. Nowhere does 
the slightest tendency appear toward a transition to quartz por- 
phyry or aporhyolyte; although the granites cut the highest 
strata in the series in such manner as to show that thev must for- 
merly have extended far higher. This is especially true of the 
great western massif. The period of intrusion was after almost all 
the great events in the history of the Meguma had taken place ; 
and this indicates tliat even at that time there was a very con- 
siderable cloak of superincumbent strata. Some of the granite 
areas are so large as to force the conclusion that they originally 
extended far above the present summit of the series . The depth 
of cover needed to allow acid magmas to crystallize as coarse 
granites must be considerable, as shown by the infrequency of 
dikes of granite ether than as short apophyses. 

The conclusion from these various lines of observation is 
that the Halifax formation must originally have been far thick- 
er than at present, or that it was covered by some thick form- 
ation, probably conformable and sharing its history. The 
great western massif, cutting Siluro-Devonian strata, seems to 
indicate the latter ; but ( i ) these strata are not of great thick- 
ness, and (2) the granites of the Meguma series are almost 
certainly of more than one age of eruptivity, so that the his- 
tory of the .large mass cannot fairly be taken as representative 
of the whole. Although there is no direct quantitative evi- 
dence, it probably is safe to consider that at least a mile has 
been stripped from the j)resent highest beds of the Halifax, of 
which we have not even a vestige left. 

Problem of original dijncnsions: present bulk. — The area 
now occupied by the stratified rocks of the series is 4,500 square 
miles. The known thickness alone, if uniform, gives with 
this area a contents of 22,300 cubic miles before erosion. But 
measurements across the folds show that the same sediments 
now exposed, if restored to a flat position, would occupy at 
least 75 % and probably 100% more area ; so that the total bulk 
of the rocks now represented, but restored to an even thick- 
ness mav be conservatively estimated at 4^.000 cubic miles. 
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■\\ i-.Ht li;f , }ii €•}] lost ;i!m)VO and lattTallv, ^^hat lies below the k'U- 
r-1 vwil.lr sfr;it;i, ;jn(l what undcT the cloak of younjETer fcrm- 
'ri\.*.v^ f'» i'k- nnrfh. \\r have no means of knowing^. Takii-i: 
*p.- •,,ui\ jip-^iif arra of the series, however, as 8,000 squart 
:!■<::, , ;ti< Indiiit: flia! part rej)laee(l hy jjranite. the total cubic 
.•r,Tit»iif-i ^\uu rr^torrd to a condition of horizontal stratitica- 
fi'.'i v..mI«1 1 1'- ;i|)|»roxiinatrly SS.(xx) cnbic miles of rock. 

! .•;itiMi/rl from thr standpoint of the amount of crosi'»!i 
'A,-.'. ^^Af . t., ]»rr.dij((' tlu' series, even the fip^iires given are sem 
•1. .' ." r l;ir^'r To j)rodnce these sediments would require 
•l.r- .-.i!;;.l<N' d' t^'radation of the provinces of Xova Scotia. 
"^ » i:ri'n-s\ir|.: jjiid I'rince i''d\vard Island, from an alpine 
■i.'.^ ".Mt A ith lii*,di p.aks an«l total averaj^^e elevation of c>.20C' 

,{rrfi 'jffff tnnr nf rn»si(>ii t'cf^rcseutrci . — Such a historv 

...!<-.- li.' vrir-^ r,iM' of the larj^i-st almost purely inorganic 

;.. . 'irii'iljiti',!!- KiiovNH. IIh- time «iccu|Me<l by its deposition 

;■ ., ' r inr\\ ; «,< , ^^rrat that lij^nres have no value in deal- 

: y ■ idi tlj' pi'»bl«iM T\u- ( loldonville formation evi<lentl\ 

• ' MjiMiIatid at a rat*- not very rapid, as "shown by the 

.' ir- .' '.f «oaf-« drbris. and rrlatively small amount of cross- 

'.''>. IN'/ . afid at a rai«" not vtTv slow, indicated by the lack of 

',-.:.i: .If of tlir strata and t'lr relatively small percentage of 

■.'. *' 'I l!«- Halifax. «'vcii at il< prrsent much diminished 

' I i,« . iiia\ r«pir-<ni ni'iic liinr than tlu* lower formation. 

'I •■' ■ '.iituiMif ■ 'if -f.liiiHntati"Ti apju-ar^ to have been iinbrok- 

'•■ »: M,i!'.'i:' lit . and ilii^ p'-int- !•• • -lu' <»f tlie lonpfest e]XH:hs of 

■ ■' • •iiiv ■'- <l.-p<: it'i M. ;,- .\r!' a- « -vi '■! t'u' nmst ancient. 

/'r, '^■'■;/;".• /'/;'■'■ ; -y '-;■. I '■■rvv i- little evidence as to 
v,-- \,>. it'. I. ai."! '■'.!: -.M'T . :" ''i.- ';in«l !:'a-- from which the 



' .... 



■ i:. - ■ ■ ■■'\-.' :. « •;" ill'.- -aii'!^i<»iu* and pelytes, 

1; ■,■!■':■.• I.- ■■•■■';' I. .• '■• . ' • ?".n, '• . V ,. .'ir^iT in any diroc- 

»i. ' !:.■■■ '■ I- *',.■. ".• .r-'' '.'uTf (»ccur throiij2[-h- 

'.-'f ;!. .;..:,■..>■'■. •" ■ '■■:r.itrii. both strati- 

:M.'; ■ '« ■!"■ .:i'" > -!; '.v-v-. "f cross-hed- 

ri!. v.. \-.''''li ■'I'.-;:" ' ■ t • ":.« «;ir<."Ction of the 

!.-•• ■!.::!<■ -I- * •• ■ ■'■:•': )»iu much re- 
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aiid it is a fair 



Meguma Series of Nova Scotia, — IVoodnian. 33 

assumption that this marks a shoreward direction in part, and 
that a portion of the pre-Megiima land mass lay to the south 
and west of the west end of the province. The size of the 
boulders in the Yarmouth conglomerate indicates a transpor- 
tation by no means long. The cross-bedding seen in the west, 
as far as it has any weight, points to the same direction of land, 
the south . On the other hand, the structure of the eastern part 
of the series is of such type as would readily have resulted 
from the folding of sediments marginal to a land mass to the 
noi ih . 

There is no evidence as to the proximity of the old shore 
lines to any known points, if we except the large boulders in 
the Yarmouth conglomerate; and when it can be proved con- 
clusively whether or not these are basal, they may be of great- 
er service. 

Prc-Meguma land: composition. — As to the character of 
the material forming this land mass, two indefinite lines of ev- 
idence are available. The first is the chemical character of 
the sediments. This is moderatelv acid to intermediate, de- 
pending upon the situation. The silica of the quartzytes is in 
part offset by less acid minerals such as chlorite. A large 
number of rocks could have furnished detritus of such nature. 

The second class of evidence is the mechanical nature of 
the strata. The pebbles at Mt. Uniacke and Waverley, if 
there be any, are slate . Bailey's reference at Pubnico is quart- 
zyte, and my own confirms it for the general region. The peb- 
bles near Lockport, mentioned by Bailey as **quartz," may be 
quartzyte: and those at Port la Tour are quartzyte. What 
the "gray vesicular rock" is, is not known. Thus the only au- 
thentic evidence as to kinds of pebbles, points to quartzyte as 
at least a prominent ingredient of the old land, but it cannot 
have been the only one. Aside from the inherent improbability 
of one kind furnishing so many cubic miles of detritus, quartz- 
yte, however impure, would hardly account for the several 
thousand feet of argillaceous material in the slates of both 
formations. In the lower this is intimately mingled with ihe 
sand; the two in many places alternating several times in a foot 
of thickness; and evidently they came down in the water ap- 
proximately together. 
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In adflilioii. thtre is clastic mica, and the relic of feldspars 
in places. Granitic rocks would furnish detritus in propor- 
tif»ns nearest to these found in the series. Xo sediments alone 
would do it. excq)t perhaps a series essentially like the one 
made from it ; and i^eous rocks more basic than the granite- 
rhyoiyte series would not furnish the requisite amount of 
quartz. 

In view of the evidence, it may be stated very tentatively 
that till- prc'-Me^uma land mass probably consisted of granitic 
ij.,'nr()us rncks : witl. some sediments, of which we have definite 
frac*' in tlu* (piarlzyte conglomerates and perhaps in some slate 
(•on^donierati"^ in the center of the province. 
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EROSION ON THE GREAT PLAINS AND ON THE 
CORDILLERAN MOUNTAIN BELT. 

By Warrbn Upham, St. Paal, Minn. 

The subaerial sculpture of great land areas is not less wor- 
thy of attention than marine sedimentation, upheaval, and vol- 
canic action, by which the lands were originally formed. It is 
also very interesting* to follow the great courses of drainage, 
and to note the marine and lacustrine deposits that have been 
derived from the wear and waste of continents. 

In the region here considered, namely, the north part of 
our Great Plains and the part of our Cordilleran belt where it 
is crossed by the Northern Pacific, Great Northern, and Can- 
adian Pacific railways, the physiographic history is comprised 
in the Tertiary and Quaternary eras. During the much longer 
ages of Paleozoic and Mcsozoic time, from the Cambrian peri- 
od to the Cretaceous, inclusive, the site of the Yellowstone 
National Park and a vast region to the north and west were 
covered by the sea, with practically continuous and conform- 
able sedimentation, sometimes at abyssal depths where little 
deposition took place through long periods, and sometimes 
in shallower water receiving plentiful tribute from adjoining 
eroded lands. 

The Cretaceous sea of that region, in which its latest sedi- 
ments were laid down, stretched eastward over Manitoba and 
the greater part or all of Minnesota, to the area now occupied 
by the west end of lake Superior. Though the strata then 
formed have been mostly or wholly eroded and removed from 
a tract 100 to 200 miles wide along the eastern margin of the 
Cretaceous marine area, its fossiliferous beds are found in place 
by H. V. Winchell so far east as on the Little fork of Rainy 
river* and on the Mesabi range. t Thence west to the Rocky 
mountains, an expanse of deep Cretaceous strata, mostly 
shales, was uncovered from the sea at the end of that period, 
and has since been subject to erosion. 

At first a vast flat and monotonous plain, this expanse has 
lost hundreds of feet at the east and thousands of feet at the 

* Geol. Bad Nat. Hist. Survcj of Minnesota, Sixteenth Annual Report, for 
1887, pp. 403-9. 431, 434. 

f Am. Gbolooibt, vol. xii, pp. 220-223, Oct., 1893. 
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west bv (Icnudation ; but the surface vet retains so much sem- 
blancc of its original llalness as to be commonly called "The 
l^lains." Like all the interior basin drained by the Mississippi. 
Missouri, St. Lawrence, and Nelson rivers, between the Ap- 
palachian and Cordilleran mountain belts, the Plains, 800 mik-s 
wide and of much greater extent from south to north, have 
been exempted from the throes oi mountain building". Their 
r/nly oscillations of altitude have Ix^en ei>eirogenic, in niarktii 
ctjntrast witli the jj;rand orogenic movements which formed tlit 
Cordilleran ranj^es. 

At the beginning of the history of the Plains, one of the 
mighty uKJuntain-buihling and continent-making epochs gave 
rise to the principal ranges of the Rt^ky moimtains, the frontal 
parts of the Cordilleran belt, which were folded and uplifted 
near the eml of Cretaceous time. As the chief orogenic revolu- 
tion producing the Ai)palachian belt «)f mountains, from north- 
ern Alabama to New namp>hire and Maine, coincided with 
the close of the Paleozoic era, so the end of the Mesozoic era 
witnessed the upheaval of the <ea bed Xn form the Great Plains. 
the birth of the Mississippi llowing at the foot of their east- 
ward slope, and the tlirusting up of mountain ramparts along 
all their western border. The sites oi Helena, Butte, and Great 
I^'alls, cities of the mountains and plains of Montana, then 
emerged from 

'■'1'Ik- stilliit'ss '.f ilu- cciiir:il >-.'a.'* 

Tell years ago i i)ublislied a i»ai)er from my studies of "Ter- 
tiarv and luirlv ( )uateriiarv r.aseleveiini; in Minnesota, Mani- 
toba, and Xorth west ward,"* and cwr >ince 1 wished to cross 
the western half ni <»iir c< niiiunt, until opportunity came last 
\ear. In mv jouriirv (»ver the riain> and the broad Cordilleran 
n-iiitjn of mountains. vai:<'\>, :in<l l'a>ins, the vastness of Ter- 
tiarv erosi<»ii was more fully a;)preciate(l. and 1 was impressed 
with iln' nuillitndr ■■!t" tlu- in- uni.'iin ran-es, rather than by their 
hijjlit. 

In Montana, Mar.-', ami W'a.-MiiL;!' n. these mountains are 
of the s.'niK- '>r(Kf, in rr.-|-i.A't to aliitr.'lc rtlu've the land at their 
])'A>i.. a.^ tile Whi'.' . ( Ire-.]"!, a::-': A-iiv' -.niack mountains, in- 
stead "f rt prrsf-r-in;; ']'•■ ni'>>i ]• i\\ r.:..ii:i::i:n.^ (»i all the world, 

• Ami;u. ''KOI <»''.f-i . v..\ jctv. i»n. 'j:r'-J4.r>. i 'ci . i>s9ir; Biillctia, Oeot Soc, 
i)t' AnicrU.'i. '...1. vi. IS'.U, pj). 17-2<'. 
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as the European Alps, the Caucasus, and the Himalayas. But 
with those latest formed mountains, which together may be 
named the Eurasian mountain belt, should be classed, in tl- 
same first rank as to hight, and of similar late Tertiary and 
Quaternary' time of uplifts, other parts of this very long and 
wide Cordilleran belt, such being Mt. St. Elias and its neigh- 
bors, the Sierra Nevada of California, and the high Andes. 

Attending and following the great fold*?, faults, and uplifts 
of mountain ranges through the western side of our continent, 
which closed the Cretaceous period and began the Eocene, so 
bridging the transition between the Mesozoic and Tertiary 
eras, volcanic intrusive and eruptive rocks added greatly to the 
mountain masses of soine tracts, as in tiie Yellowstone Park 
and in the Cascade range, and spread over very large plain 
areas in the basins .of the Snake and Columbia rivers. 

During the Tertiary and Quaternary eras, this western half 
of our country and of Canada, newly raised from oceanic 
depths into plains and moimtains, has undergone much eros* 
ion ; and the rivers have borne thence the detritus from this 
vast area, depositing it mostly beyond their mouths in the sea. 
Quantitative estimates of the amount of this erosion, and conse- 
quently of the offshore sedimentation, are afforded from the 
Plains by the Turtle mountain, on the international boundary 
of North Dakota and Manitoba, and by the Crazy and High- 

wood mountains in Montana. Farther to the west, such esti- 

« 

mates may be taken from the valleys and canyons of the wide 
Cordilleran belt, and from the fiords of Puget Sound and the 
coast northward. 

Turtle mountain, 40 miles long from east to west and abolit 
25 miles wide, rises 300 to 800 feet above the surrounding east- 
em part of the Plains, the tops of its highest hills being about 
2,500 feet above the sea. Under a veneering of the glacial 
drift, which probably averages 50 to 75 feet in thickness, this 
wooded highland consists of nearly horizontally bedded Lara- 
mie strata, chiefly shales, with thin seams of lignite. It testi- 
fies that a thickness of 500 feet, or more, of Laramie and Mon- 
tana (Fox Hills and Ft. Pierre)' strata has been eroded from 
the surrounding region.* 

• "The Glacial Lake Agaasia," V. S. Geol. Sarr., Monograph XXV, 1895. 
pp. 86, 173. 
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Around the Crazy mountains, prominently seen from Liv- 
ingston, where the Northern Pacific railway branch for the 
Yellowstone Park leaves the main line, much deeper g^eneral 
erosion of the Plains has taken place, to the vertical extent of 
3,000 to 5,000 feet. This group of mountains, about 30 miles 
long from south to north and 10 to 20 miles wide, rises in its 
highest peak 11,178 feet above the sea, being 5,000 to 6,000 
feet above the adjoining prairies. The structure of this moun- 
tain mass has been thoroughly studied by Dr. J. E. Wolff, who 
finds that it consists of late Cretaceous or early -Eocene strata, 
mostly soft sandstones, nearly horizontal in stratification, named 
the Livingston fonnation, intersected by central volcanic out- 
flows and a network of innumerable rac^iating dikes.* The 
more enduring igneous rocks have preserved the mountain 
group, while an average denudation of nearly or quite one 
mile in vertical amount reduced all the surrounding- country 
to a baselevel of erosion. Alluvial sedimentation on this area 
was rapid and deep while the neighboring Rocky mountain 
ranges, west of these Plains, were being uplifted ; and the en- 
suing Tertiary erosion in bascleveling here greatly exceeded its 
volume from the country eastward. 

A hundred miles distant thence to the north, the Highwood 
mountains, about 30 miles east of Great Falls, having- a hight 
of 7,600 feet above the sea or about 3,500 to 4,000 feet above 
their base, are described by Prof. W. M. Davis as displaying a 
similar structure, and therefore testifying likewise of great 
denudation, t 

It seems a reasonable estimate that the average depth of 
erosion from all this northern ])art of the Plains, stretching 
from the Rod river valley to the J^^^.>cky mountains, is at least 
1,000 feet. Such a vast volume of detritus was carried awav 
by the predecessors of the Mi>S'.uri and Sa>katchewan rivers 
and their tril)Ularies dnriiiL;- the 'J\Ttiary era, to be mostly 
borne lV>r\var<l t'.> the sea by th.e creat streams which represent- 
ed the Mi.->i--';>|^i r'li! Xelscn rivers (luring- that time. Thus 
it is >c<-:i t:,:i-., it :l:e ['"rtiary era IkuI a (lin*ation of about 3.- 
iXv^CHX ■ V .;.' "(Hj/xx) years, as estininies 01 the ratios of geolo- 
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gic time by Dana, Walcott, the present writer, and others, have 
indicated, the mean rate of denudation on the Plains through- 
out that era was approximately the same as now, or an average 
of one foot in three to four thousand years. 

Extensive Tertiary formations in the southern part of the 
Mississippi basin and along the Gulf border accord well with 
the foregoing estimate of erosion and resulting deposition. But 
northward, in the Hudson bay region. Tertiary beds are want- 
ing, which, with the similar general absence of Tertiary marine 
strata about the northern Atlantic and Arctic shores of our 
continent, implies for that great land area an altitude through- 
out the Tertiary era above that of the present time. We may 
infer that the epeirogenic and erogenic movements originally 
forming the Great Plains and the Rocky mountains elevated 
this region much above its present hight; that during Ter- 
tiar\' time the Plains were cut down and mainlv base-leveled, 
having at last, in the Pliocene period, only a moderate hight 
above the sea, so that their vast expanse was mostly reduced 
by its streams to a mature peneplain ; that in the early part of 
the Quaternary era it was. again greatly uplifted, by another 
grand but slow epeirogenic movement, attaining its present 
eastward slope; and that during the same time, and before tlie 
culmination of the Glacial period, the broad flat valley of 
the Red river of the North, and of the large lakes in Manitoba, 
was formed by stream erosion of the former eastern edge of 
the Plains, or, as we may better say, of the continuation of 
their Cretaceous area. 

Beneath the waters of Hudson bav and strait and of the 
North Atlantic lies the great tribute carried from the Rocky 
mountains and the Plains by the Tertiary and early Qua;ternary 
streams that now live anew, since the Ice age, as the Saskatche- 
wan, Red, and Nelson rivers. From the depths of fiords and 
of submarine valleys, as those of the St. Lawrence and Hud- 
son rivers, we know that this region was raised to a preglacial 
altitude of 3,000 feet, or more, higher than now, probably giv- 
ing the cold and snowy climate which induced glaciation. 

On the Cordilleran belt farther west, and along the Pacific 
border, far more complex conditions of erosion and marine de- 
position characterized these eras, which I hope to consider in a 
later paper of this series, dealing especially with the Puget 
Sound fiords. 
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ON THE PARAMORPHIC ALTERATION OF 
PYROXENE TO COMPACT HORNBLENDE. 

By C. H. Gordon. Seattle, Wnsh. 

A careful examination of the evidence thus far advanced 
to prove the derivation of compact hornblende from pyroxene 
is not altogether convincing since most of the phenomena ap- 
pealed to may be equally well explained en the theory of syn- 
chronous growth . Such for example are the occurrences cited 
by Hawes,* Irving, \'an Hisct and others, of augite and com- 
pact hornblende side by side, or the latter developed in a zone 
about the augite I.ater G. H. WilliamsJ refers to the evi- 
dence adduced by these writers as lacking in proof, and pre- 
sents a case where a core of hypersthene is surrounded by a 
zone of compact biown hornblende, tongues and shreds of the 
latter extending from the outer rim all through the hypersthene 
core. Emphasis is also placed on the manner in which ihe 
minerals insensibly grade into each other, and on the presence 
of fine twinning Inmella? which cut sharply across the minerals. 

Commenting u|)on this jjrofes.sor- Iddings in his paper on 
the rocks of Electric peak and Soinilchre mountain, says:§ "It 
is self-evident that thin edged j)ortions of minerals with sim- 
ilar indices of refraction, which wedge out against one another 
within the si)ace c.^ a rock section a[)pear to pass into one an- 
other by insensible gradations of color. This can be observed 
in the case of inclined contacts between hyper.sthene and feld- 
spar in which ca^e there is no suspicion of an actual transition 
of substance or intermediate stage of chemical character. There 
is no direct evidctice brought forward in the paper cited vo 
show l)y the crystal outline <A tin- nn'neral that the original 
form was that of pyroxene as in the ca^e of iiralite. The whole 
argument soem.^ *o the writer to lianq* < n the tact that the horn- 
bletule ])enetrates the jjyroxene in t'.!i_q;iie< and slireds irj which 
resj)ect it resemblt - ihc pnramorpliisni of ]\\r"xene Xo uralite. 
Eront ilie writer*^ :ic(jiiaintance witji instances of undoubted 

• Miueruloi^v ard Litholo^v of Sew Il.iinffsliirc, i)]). :>7 , L'06. Plate VJI. 
Fig. 1. l^TS. irAWKR. O. W. 

t <';«o/o^'r of U'/sc'>zJ5/n. vol. ill. pp. 1 7i>. IS^S'^'. An. ci. Jour. Set., rol. 26. 
3r(l, Scr. p. 27. Ibid. V(»l. xxvii. 3nl Scr. v. 13". "Copper Bearing Rocka of 
Luke Superior." U. S. Ceol. Surv. Man. .V. -p. J.''.«. 

t Anier.Joiir. Set., :ir(l Scr., vol. xxviii. t>, 2;"9, 

i V. S. (}eoIoifical Survey, lllth .\nmial Report. Pt. I. pp. 610, et seq , 
Plate L. LI 
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intergrowths of liornblende with other minerals the last men- 
tioned argument for the paramorphism of compact hornblende 
from pyroxene does not seem to him to be sufficient. ... In 
cases where augitc is surrounded by or appears to pass into 
compact hornblende and neither mineral exhibits its charac* 
teristic crystal outhne in any part of the rock under investiga- 
tion and the rock is unaltered the primar}^ or secondary na- 
ture of either mineral may be questioned : for each mineral may 
be the result of the primary crystallization of the once iholten 
magma from which either of the two may separate before 
the other, or either mav be the result of the alteration of the 
Other, since the change of compact hornblende to compact 
augite occurs in the rocks already described." From the study 
of the synchronous development of various rock-making min- 
erals in pumiceous glassy lavas it is evident that caution must 
be used in referring occurrences of parallel intergrowth to 
paramorphic changes. 

Lawson* refers frequently to the presence of a lighter col- 
ored core in the hornblende as evidence of derivation from 
augite, while Winchell t has described with a like interpretation 
occurrences of dark green hornblende surrounded by or inti- 
mately intergrown with colorless portions, the former being 
by him considered as occupying the space of the original augite, 
and the colorless portions as having formed at the same time 
but entirely free from the influence of the augite. This con- 
troverts Williams* view that these so-called zonal hornblendes 
are the effect of dvnamic action, as also that of Van Hise that 
they represent secondary growths. 

Brieflv summarized the evidence commonlv adduced for 
asserting the derivation of compact hornblende from augite is 
as follows: 

1 . The zonal arrangement of hornblende around augite 
and the presence of cores or fragments of augite in homblende 
individuals, (Hawes, Irving, Van Hise. Lawson, Winchell). 

2. The intimate intergrowth of the two minerals (Wil- 
liams) . 

3. The imperceptible gradation into each along their com- 
mon boundarv (Williams). 

♦ Lawson, A, C, Ann. Report Geol. Surv. Can., New Scr., vol. iii, part 1, 
p. 126F. 

t WiNCHBLL, N. H., Geological Survey of Minnesota, vol. v, 583. 
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\ 'Ihf pffviKT of a common twinning plane (Williams ) . 

r r>iff/Trnrrs in the coloration of hornblendes; colorless 
V. ;-. r. « ifh /l;irk ^vvvw zone without (Lawson) ; dark green 
•■•■ :.. -tiifr^/tiiMlc'd hv a colorless zone or the two intimatelv in- 

•-*-/''/i,ri ( \\ UK lirll ) . 

*-.ffi f'lt' ry.r^\t\'um of thc last all the phenomena thus far 
'/r c:'!^r^/l riiav !•:• paralleled in the igneous rocks in circum- 
5f>i/yf.: vJiuh U-.wr no clonht of the primary character of the 
v,-.'.':,.M;d" as shr,\Mi 1)V pfofcssor hidings in the rocks of Elec- 
y ii'f'. and Sepulchre mountain. There is no reason to 
5 .;/;x,^'• that a Hue process of synchronous development may 
.'.^^ 'i;iv tab'ii pl;ice in the recrystrdlization of the gneisses and 
'/r'f ;n'-t;iniorplii' nH'ks. In su])port of this is the occurrence 
'f« 'TiMd \t\ the ;:ntli(ir^ where the augite and hornblende ap- 
y^r a- mdrjxndent growths. Their idiomorphic form and 
•*,';r p'Iafion>. to each other and to adjoinmg minerals sug- 
y* ■* ind'-p'-nrlent ;^ro\vth. As against the hornblende being 
'/! :;;;i^'njatic ori^Mu we may note (i) its occurrence in the 
?'/ >■ '.'.hi'li has vnfferecl nmst from dynamic forces, and (2) 
*}:*■ ali-'-ncc n\ idinniori)liic liornhlende in the least altered 
rr' ?. . While it may he assumed that the elements of horn- 
M'-T;df '/riginally (M'ystallized as angite it is evident that the 
' haijj^*- hen- is n -i one «)f ])aramor])hism, hut perhaps a more 
'^r !• -- c^Jtniilete dissdulion nt the augite and a recrystalliza- 
ti'.ii '»f hoth minerals, 

Whrihcr '.r n^: xhr Cf ■nclusinns in the ah«n'e cited cases are 

■■'•rrtM-T d'K-> not 1 <\v cnrcrn ns. in many and ])erhaps in all, 

:"•":'■ :ni'«T<ii';«.' -^r^M^s a r(';i>(>n:i])le onr. lait ii remains an infer- 

•■•:■;'- ou'iy. tin- rvi<kii»;f "n\-n.'<l L'lckini;- the elements of con- 

•.•:•": ::rL: iir""'.t'. N dr i.- ^'I'-li r(';i<li;\- (••.!•■ lu-'Muini;' «»wing to the 

!:•.■;■ f .'!-!rv::i \'.li. r- :'\ r-.-. - ... ''i-\:iti. i| may he clearly 

;>••::.,"■: -t^'.'d ir«''',- i-^-i '!•■; '■■ - >. i-- 1,! ■ =11 ns growth as Id- 

'.-■' ^ - '. ..- ]:■ intTM m . 

', '.••:•< i'> ■ n< .":■ '. . '" ; >. .!■ •■« i. li-r-.-. ■ ■ . 1 that ir.a\" ])e regard- 
- :■.,'.. !i''. : >', • t'".« i''< I !'■ •I'iiliU-mle bands 

■ • ;. ■■;• . ::-, ■■■■..: !• .....■!■••■ ■ ■•( ll:. ..;■■:!< In llu' aUthor's 

-■ ,• ; : ' ■■■.t;, .■•Ml -I « .i'ii|. II i. . .iv,> were ob- 

-• ■ ■ ■ .;■ ■! I <:i i!-i- , in- . ■ I I : ll . i:« .^•p.olusion 
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of alteration irresistible. In some cases areas of compact 
hornblende directly associated with the bordering bands of 
hornblende and evidently identical with them appear at inter- 
vals within the fractured zone. The hornblende occurs chiefly 
in that portion of the crystal which has suffered most from 
crushing. Standing alone this latter fact could not be regard- 
ed as conclusive evidence of alteration since the position of the 
fracture may have been determined by the presence of original 
hornblende intergrown with the augite, but taken in connection 
with the bands bordering the fracture the whole seems to of- 
fer conclusive evidence of alteration. 

In descriptions of the crystalline schists there is a widely 
prevalent tendency to ascribe all the compact hornblende to 
the paramorphic alteration of augite on what, in view of the 
foregoing, seems to be insufficient data, and sometimes pure 
assumption. Without touching the validity of such views we 
would suggest that there is need of caution here and that the 
cause of petrography will be promoted by distinguishing clear- 
ly between cases tliat are reasonable inferences only and those 
that can be conclusively established ; while statements based on 
pure assumption should be avoided. 

University of Washington. 



CONTRIBUTIONS TO MINERALOGY. 

/ By John Bybrman, Easton. Pa. 

I. Some Zeolites from Moore Station, New Jersey. 

This locality, which is situated a few miles south of Lam- 
bertville along the Delaware river, bids fair to become as 
famous as the historic Bergen tunnel. The opening is operated 
by the Delaware River Quarry Co., and the material quarried 
is used chiefly for road making and ballast. The rork is an 
overflow of plagioclase hornblende and pyroxene. 

Besides the zeolites, stilbite, natrolite, mesofite, and scol- 
ecite, there' are pecolite, datolite, apophyllite, prehnite, light 
yellow calcite (scalenochedra common and of fair form up to 
50 mm.) epidote, cuprite, chrysocolla, pyrite malachite and 
opal. 

Stilbite: This is quite abundant and generally in large 
masses of crystals. Sheaf-like crystals and globular-radiat- 
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\ng forms predominate, although the orthoclome and prism and 
pinacoids are frequently found : the former measure up to 
35 mm., the sinj^le crystals up to 15 mm. Fan-like radi- 
ations incrusting the r(Kk are (|uite common. 

Colors: milky white, .q^ray, yellow, salmon, red-brown and 
brown 

Analyses, a, yellow: b. red-brown: r, grayish- »^ hite : d^ 
flat radiations on granite from McKinnon's quarry, German- 
town, Pa. 
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Xatromte: Less common than stilbite, occurring in most 
beautiful snow-white radiating acicular crystals up to :5 inm. 
in length; base almost invariably of white calcite. An anal- 
ysis afforded: 

G. 2.228 

SiOj 47.80 

AK)., 27.19 

CaO 1 . 50 

XariO 11.62 

K..0 T.r^S 

UX) 0.09 



txj.78 
I^KKMNITF. : < it.iK'nilly nccur.-i massive in narrow seams; 
crystals rathor ran-; c».l"r \ilo ^Tt-cn : 

.imilysis nf f'iv!n:i!i'. 
!"c < >. 

:■:...(■■» 



2 


.g52 


4,r 


-5 


j'j 


Ju 


4- 


'•^7 


>/, 


*•! 




' / 




>' ■ 


.1 


^s 



Contributions to Mineralogy. — Eyerman, 45 

II. The Easton Locality. 

The minerals of the syenite ridge and contiguuns rocks 
have long been known to collectors. This belt, ap])earing 
in Warren Co., X. J., crosses the Delaware river a quarter 
of a mile above Easton and extends southwesterly a distance 
of three miles, thinning out at both ends. A belt of serpen- 
tine forms the south contact between the syenyte and a gray 
blue limestone of uncertain age. North of the sy<^nyte is 
found the same blue limestone which forms the southern con- 
tact. The minerals occurring here (those in itaHcs being 
rarely found) are graphite, molybdenite (in precious serpen- 
tine), chalcopyrite, chalcocite, pyrite, Huorite, galenite, gyp- 
sum, quartz, limonite, hematite, calcite, aragonite, hydromag- 
nesite, barite, celestite, strontiano-calcite, malachite, zircon* 
tremolite, actinolite, asbestus, mountain leather, pyroxene, coc- 
colite, sahlite, nephrite, serpentine, bowenite, tourmaline, 
topa::, biotite, phlogopite, talc, orthoclase and prochlorite. 

Orthoclase: Being an essential constituent of the rock 
it is more or less common massive. Good crvstals are occasion- 
ally found and two analyses are given, a creamy white, from 
Marble Hill, N. ] . ; b, light-red crystal, from the ridge north 
of Easton. 
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.40 



100.21 99.99 

Tourmaline: Generally occurs massive, imbedded in 
quartz, above the devil's oven, Bushkill creek, west of Easton. 
Good crystals up to 60 mm. showing a m planes are oc- 
casionally found, and an analysis of one of these crystals is 
appended. Some brilliant black striated crystals 40 mm, long 
have been found at Marble Hill, imbedded in orthocld.se. 

* I hare in my posseaaion aome dark brown cryatala donbly terminated of 
fine form 10 mm. lon^ imbedded in biotite. 
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/huiiysis of Tourmaline, 

f* 2.991 

'>»'>* 35.57 

no. .18 

l'*.'>4 10.10 

AliO, 24.72 

I'-O* 1. 17 

l'«0 9.40 

r ;iO 3.42 

MkO 8.29 

Nii.O 2.10 

K.n .40 

1.1.0 i- 

H^o 4.23 

1'. mulct. 



99.58 

Ji."/ji'iK : V <rv cnininon. usually in small plates dissem- 
r/c^*'*i tljion^liout tlu* nn^ks of iho serpentine belt. Good 
'•;. ?:?;i!> ;in- iKcasionally found anil one large on** in niv 
j/'/-v'v>ion HH'asurrs 50 mm. in length. The smaller and 
:!.'.r*: ^,\ui(\rr crvstals are the most common, a, silver- white : 
!ij.^ht br'Avn : r, dark l)r(»wn. 

Sio. 

MO. 

K.o, 

MkO 

Xn.O 

K.o 

H.O 

«/;.-;-■ -.-,.S'i 100.15 

Tk'm iilj'KM'h.: \na!\-c-s "i' -ircfM i,.-rd .-tnci altered olive- 
iTf* <.-Ti ''./I ar.'i ^'u;'!i'.-'j'i '>.' II ' ■■' ' \'..-'' : -'a'- •: mIi W ilHani*? Bush- » 
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MgO 34.20 31.20 

H2O 12.60 12.69 



99.10 99.48 

Ampiiibole: Many varieties are found, all more or less 
massive. Analyses of actinolite (a) in grayish-green striated 
crystals from the Reservoir quarry, and asbestiis (b) in 
long pure white fibres from the Delaware River quarry re- 
sulted : 

a b 

SiOs 54-35 55 .25 

FeO 2.27 2.18 

CaO 13.43 12.66 

MgO 28.05 30.19 

ign. 1.25 



99-35 100.28 

Serpentine: A large number of analyses have been made, 
three of which are here recorded: 

a, Pure white variety, resembling c in association, color, 
texture and grain ; b, An altered aluminous variety, foliated : 
both from Williams' Delaware quarry, and c, The socalled 
meerschaum from \fiddletown, Delaware Co. 

at c 

G. 

SiO.. 

AUO3 

FeO 

CaO 
MgO 

Na=0 

H=0 

100.66 99.26 99.11 

Of the many minerals found in the serpentine belt, as 
might be expected, the majority are more or less altered, and 
pseudomorphs are not uncommon. 

III. Garnet. 

In my account of the mineralogy of the French Creek- 
mines (Trans. X. Y. Acad. Sci., viii, 1889) T mention 
lime-iron garnets as occurring in considerable quantities at 
shaft Xo. I. These occur in large groups of dodet'ahedral 
crystals with truncated edges, single crystals varying in size 
from 5 to 25 mm. ; color very dark brown; fracture resinous. 
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( a ) I'rriioh Crock. This varietv is also fairlv abundant at the 
I'raiunnia Inni niino a mile ami a half from Sugar Hill l\ O.. 
S. II.. as<4K'iattMl with o;miotc and lK>mblende ib). I also .t:ivc 
an analysi> {O of ilu* variety alniandite containing considor- 
ahlc maiij^Miu'M' and t\)inul in large dixlecahedral crystals with 
trnncate c<ij^Hs at liisli^p's Mill. MiddletowTi. Delaware Co. 
<*ol(»r: (lark hn»\vn. 

.hujlysis .»• i:jrnt'ts. 

c 
(, .V7I0 3991 

.SiO. .^^4-' 35.65 36.-22 

Al.O: J<.5» 376 24.58 
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I\'. (;i:NTH's rSDKSt KIBEI) ZEOLITE. 

I )r. I*. A. < itnih in h\> M iiii'rii!oi:;y of Pcnnsyk'ania t p. 
MM.) ''iv* - ;m ;m.'il\^i> '•! an nn«lt ^orihed zeolite havinsf an 
inrln-i"!! "i' ral'-itc (In. Sr\cral \ i-ar.< ai^o I obtained a small 
(jnantii\ «•!" ni;i!«iia!. ''-n-i-tin^ '.f l>a«lly distorted crystals, 
Knf nn«l'»nlil' <llv t» 1 1 a-, .na! an-i rc-cnihlinj^ the apophvllilr 
i»..!. I iMili ( "'1 ' "1- r: whit' tr.'inxpart-nt : lustre: vitre- 
il i 1 ' .' ''HH). \\.\\. (-a-ily fusihle, beconiinc 
i.|i,i«|in-. aii'I ' '. ■ ■ ■!;■ ' I' i'ii''n. CaK'ite n(A present. 
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IN THE MATTER OF THE PERMIAN FISH 

MENASPIS. 

By Basuford Dban, New York. 
PLATE II. 

Among fossil fishes Menaspis has been the source of con- 
siderable discussion. For, while it belongs, generally speak- 
ing, within the interesting circle of the more ancient sharks, 
it shows structures which are so puzzling one does not wonder 
that very discordant views have been held regarding its posi- 
tion in the system of fishes. 

Thus, Ewald early maintained that it was akin to Cepha- 
laspis. Jaekel, on the other hand, contended that it represented 
a **Trachyacanthid," that is, a "placoid" connected with Coch- 
liodus, Oracanthus, Sandalodus, Onchus.* Among other ex- 
perts, A. Smith-Woodward has regarded it as an armored 
shark of "some unknown group," and Reis has placed it near 
the xenacanthids, i.e., ichthyotomous sharks, but later empha- 
sized its chimaeroid characters. The discussion, however, has 
subsided during the past decade, and it is only in the light of 
an undescribed fossil and after a re-examination of the valu- 
able chimaeroid material in the British Museum, and in the 
Palaeontological Museum in Jermyn street, that the present 
writer has been led to reopen the question of its relationships. 

Menaspis is remarkable on two main grounds. The head 
region. Fig. lA, is surmounted by what appears to be a series 
of paired spines (some of which are of a kind apparently un- 
known in any fishlike vertebrate) which pass from the region 
of the mouth backward on either side in a graded series. 
Second, the region which has been regarded as the trunk is en- 
closed in broad, almost plate-like tubercles, of which a posterior 
pair protrudes backward, -Fig. lA, C^, suggesting somewhat the 
posterior rim of the shoulder armoring in an Ostracophore . 
These features, it may be remarked, are fully taken into ac- 
count by professor Jaekel in his description (1891) of the im- 
portant example of the fossil noticed by Giebel and Ewald. 

*T« Jaekel, in short, it typifies a stage Ib the phylogeny of fishes where 
the dentition was plate-like and permanent, and where the dermal armoring 
was gradually becoming reduced in transition from the plated paliiM>zoic 
fishes to the s>hagreon coated sharks, He later ('00) shifts his ground and 
admits that Trachyacanthids may occupy a position intermedljite l>etween 
sharks and chimsrolds. 
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to the head.* According to Jaekel's interpretation, on the 
other hand, a large gap must have existed between the head 
and the pectoral region, and consequently, there was present, or 
might have been present, a greater number of gills in this 
form. One observes, furthermore, that in the present render- 
ing the ventral fin occurs in the position in which it usually 
occurs in shark-shaped fishes. In Jaekel's interpretation, on 
the contrary, they must have occupied a position far back on 
the trunk, in the neighborhood, in fact, of the caudal fin.t 
Jaekel infers that a dorsal fin could hardly have been present 
in Menaspis. If, however, the present explanation is just, a 
dorsal fin may well have existed, although it has not been pre- 
served in the type fossij. Its position is suggested by a dotted 
line in tlie restoration, DF, and the line of shagreen denticles 
shown in the fossil may have passed beside it, as in the case of 
chimseroids, both living and fossil. 

The dental plates shown in the Berlin specimen, together 
with the entire fossil, will, it is to be hoped, be shortly figured 
by professor Jaekel, so that their more definite relations {e.g, 
to Deltodus and similar forms) may be accurately determined. 
I may, however, De permitted to note that they are strikingly 
chimaeroid in character, reminding one of Rhynchodus, al- 
though showing no conspicuous tritoral areas. In any event, 
the number of these plates is but four, as in the Devonian 
chimaeroid. 

Menaspis and its Relation to Chimaeroid Fishes. 

If Menaspis, a Permian form, be closely related to chimae- 
roids, it possesses the interest of being the earliest representa- 
tive of this ancient group w^hose body structures are preserved. 
And that it is essentiallv chimaeroid is shown from the follow- 
ing grounds: 

(i) Resemblance to Myriacanthids. — Thest: Mesozoic 
chimaeroids possess a series of lateral head spines which agree 
essentially with those indicated by M.S., C C' and O, in the 
present restoration, Fig. lA. Especially convincing is the sim- 
ilarity of the anterior lateral spines in myriacanthids and Men- 
aspis. In the later form, however, the extreme rim of the 

* The left pectoral fin in the first specimen appears to ha^e been bent 
tinder the body, and has been partly exposed by the breaking away of the 
npper portion of the fo&sil. judging from Jaekel's figure. 

t He does not explain, however, how this tallies with his view that Men- 
aspis was ray-like in habit. 
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^jviTT: i- pr'Aid<-d. naturally jKTliaps, on account of its m-'ire 
r*:':*:r]\ ai;j>f-aran(;<-. with more highly differentiated deniick?. 
C-'. ]:;.'. iT. 'J'!i(; latrral htrul spine of myriacanthid has hith- 
« rv.' b«-'-Ti r< '^hrt\r(\ as a "(krmal plate"* and its projectinc: den- 
T:r!'> i!av« not hccn perfectly preserved. The writer is. av.*- 
</;r^ii:;^Iy. ;^reatly indchtid to pn>fessor E. T. Xewton of t:\* 
]':i]:.i''jnUi]<ju.ic:i\ MiiM-nm in Jerniyn street, for the privilecre 
'ji «'x;«!i;iijin;^ an unfit^nn-d ^ptoinun of "Prognaffiodus i^ia: 
titer/' ' Myridi'iinthtts piiriuidxtis ) , from the classrc locality a: 
L;. M.i' K*-;^!-. which shows these antero-lateral spines in ap 
proxiii!at<'iy ihcir nalnral jjosiiioii. ( )ne ohserves in passins: 
thai th« ''j;in<"' in this sptcinu-n had a well marked basal re- 
U^iou cij'-nrin^ llicir lirni altarhnieni, and we have thus addi- 
tional <'vid< n('<- f'T rcjL^^'irdinj^; the jumup of trachyacanthids a^ 
an artilk-i.'«l <.\\<\ |a<k<'l havini^^ maintained that the lateral head 
si^ii;'-- r.f M«-nav.j,iv, wlijch arr ('l«"-el\ t«^ hv compared with the 
pr< sent -pinr mT ni . nacanthi'N are practically without basal 
e.\pan-i' n. 

(J) |)(ntiti'n. The d( ntal i>lates. as ahove noted, are 
four ill iHinih'T. and ai^rie e>.sentially with those of Rhvnclio- 
dn>.. ' Mir note-, in thi> regard, the ])ecnliar ridge passing 
a]<;n|L^ lli<- lMu*e:il true ni the pl.'ite. winch fnids its apparent 
h'lin'']' ;'''•'• in niany (iiiina-ri 'i«]^ . I low densely its tritoral 
<•!'. ;ii»-^iiv i-f rre-])'.nil remains lo hr (Kiermined hy histological 
stn«l\ . M' r<-. .v» r, a-^ ln-re (len«)itd, the ] dales agree with those 
of chinia-r-'i'l- in liieir ]^V"\n rii«.n t'- the ^\yr t-i the head. 

i\^ I 1 )t rnial ^euhs.-- iiiesi .-e^ree in «.>>enliai character^ 
with t]iov<* f:|' Mesn/rie ehiir..ei' >i(K. i;. ►tally Sqnaloraja. 

(4) 1m laiiniiN <.i' ill.- ihiii^'U- I'lM.iN. ihese are denoted 
in the n >t.ralinn an. I will he ♦'' ;mi«I t • .'i-r. e essentially with 
tl>(;-e el' eliimaTcii!. <( /. l-i-. il".. • I" i* \ :ire moreover. 
f'jHn eanal-- a- in re<'(i!i .•!iiii.;eT« -iiN . 

15 J I 'h;n-.!e*rvs ..f tin- |.:iir«'' .;'!-. I'l'.t l)i<al elements 
res(.nil»le -■rik-n«^l\ il:. >■,- •'• S'|n;'- r;- la . 

(O) I )i-)M.-iiii n ' i' \'.\( -•-.•::'.le'l jM-.-e.': luail spines de- 
ntil d |)v I. II ami Ml in :lie r.M- rat: v.. l-'i-. lA. — These 
strnctnie>. si.,.\mi j,- lx\-i< 1,. l.c ti'.i.- c::r:ila.Lie ratlier than 
va^o-<leniint', apparenth eoTr<>|.t,n.l 1.. .ii.- >.»-called lip cartil- 
age's of S<|naiMraia. The}- ate. ii i- n ik-, vnijointed. but from 

•J'.iith W.iiuiwnn! nmlliitkil Inv" iini:. .n.-.l 'I'n; iIm--^.- vjiim'^ may have 
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their rounded bases, as is well shown in the type specimen, 
they were evidently movable. In point of size, moreover, they 
best correspond to the elements referred to in Sqiialoraja. 
Such structures would, moreover, be apt to take a position 
dorsal to the antero-ventro-lateral head spines during the pro- 
cess of f ossilization . 

The above considerations lead us, accordingly, to infer 
that Menaspis, although showing a number of shark-like fea- 
tures, was an early chimaeroid. Its likeness to chimseroid 
rather than to shark is shown notablv in the dentition, in the 
character and disposition of the lateral head spines, and in the 
remarkable paired **spincs" which may be compared to the 
^'labial" structures of Squalorajid. Conclusive proof of its 
chimseroid affinities, however, will be lacking imtil it can be 
shown that the erectile frontal spine was present in the male 
(the type specimen may have been a female), and that it pos- 
sessed a dorsal fin-spine and the peculiar vertebral-column 
known to have been possessed by chiniccroids from mesozoic 
times. The evidence for the present interpretation of Men- 
aspis is at least adccjuate, I conclude, to enable us to inter- 
pret the most troublesome features of the fossil. It is no 
longer a nebulous **trachyacanthid" with vague affinities to 
doubtful early groups, but instead, a form well proportioned. 
(Cf. Figs. I A and B), after the fashion of shark or chim?e- 
rdid, but with its major features allying it with the latter 
group. It is remarkable in the possession of well-marked lat 
eral head spines, and in a series of three pairs of greatly elon- 
gated and curiously unscgmented spine-shaped cartilages. In 
the former regard, agreeing with older chinitTroids, it presents 
more specialized dermal developments than arc known to have 
been developed in the contemporary sharks. In the latter re- 
gard it is certainly extraordinary, although, as above noted, 
somewhat similar structures exist in Squaloraja. In short, 
we reasonably conclude that in Menaspis there is preserved 
a Permian chima^roid representing a distinct family (^len- 
aspidx A. S. W.) provisionally to be placed near the Myria- 
canthida3 and Squalorajida?. The larger question of the re- 
lationships of the chimxroids need hardly enter into the pres- 
ent discussion . It may be enough to indicate that in the mat- 
ters of dennal defenses and teeth the Permian chima?roids re- 
semble the contemporary cestraciont sharks. 
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REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Contn'iutu'us t" t'r.c Cc'l^^iy .<; \l'as'.:'i\,ii.^n: Geology and Physiog- 
niphy .'f Central irashiu^t >ji. liy (iEi.RCE Otis Smith. Physiog- 
rafhy and Ih^f>-nnat'.''n .-r t'nc H'c-atchcc-Chclan District, Cascade 
kan^ic By Bmley Willis. U. S. Go-.!. Survey, Professional T-k- 
y.iiT. X'.. \<j. r\'ij<t- loi. uith 20 T)::itL> an«i 3 figures in the text, 

1 he hr-t part '-t tlii> w«.«rk c<.inpri<es 39 pages, with seven plates, 
in which Dr. Smiih -how- that the region oi the Cascade range in 
Wa^hingtrn. after the eruptirn of its drcat lava tlows of Miocene age, 
wa-. reduced by tjeneral er«i?i< n in t;ie Pli'jcenc peri«^d to a low pene- 
plain, which, toward the end '-f tliat period and later, was uplifted to 
form the Cascade ran^e, with prcat erosion during the uplift and to 
the jjre-cnt tim-. I hese >tudie- >upplomcnt the former work of Rus- 
sell, and confirm his estimate that tlie maximum vertical extent of the 
late Pliocene and Plei-tocene ui*lift was about 7.500 feet along" parts or 
the axis of the range. 

'\'hv. uplift apjiears Xn have been a broad upwird flexure or arch- 
ing nf the earth'- crust up-n an area averaging about a hundred miles 
in width and extending from <i'uith to north across the state of Wash- 
ington. On the ea-tern slope of the range, extensive warping produced 
broad buttresses, r,ne of whi/h is represented by the Wenatchee moun- 
tains. cuhninatiuK in Mt. .Stuart. 9.470 feet high, fifteen miles east o! 
the main crest of the Cascade ran<:;e. 

.Sr)Uth of tlie Wenatcliee mountains, miii' r ridges, from 2 or 3 miles 
to 10 miles or nrtre in width, running easterly from the Cascade range, 
were gently arched to bights of i.coo to .^,ocx) feet above the valleys: 
and the Yakima river intersects several of the^e ridges in its canyons 
Ik'Iow Kllensburg. 'I hi-- river, like the Columbia in its cutting through 
the high Ca^cad;* range, rrmains in the ^^ame course which it had before 
the complex uplifts and warijing of the Miocene and older eruptive and 
sedimentary rock formal ion'-. The rivers are oMer than the mountains. 

Willie, in the >«•/( nd part of this work, discusso the evidences of 
thes<' gr<at cNeiit- in the hi-t«'ry (A the (ascade region as observed by 
him in tin- di-trict "f th.e Wetiitchec. Kntiu, CliMan, and Mcthow 
mountain^. ea-!«.-rn lninrr^^r- i-.i rlie izr<':!t main ra:igo. with the valley 
gorges or c:i'i\<.n- ..f lake Chel-in ami tlie Columbia river. He esti- 
mates the .'ir< ;i "t ibo Ca^rnde i^plift in W'a-hinuton 10 be about 20,000 
S(piaie mi!«--. Its *ime cf bp ad <rosir,'n. prc-drci^^g a low peneplain with 
mf.n.'nli!'<'k-. :•- n.iTiu-] by W'il'i- the .Meilvv.- stp.uc. and is considered 
as a \y,\r\ ff tli«;- l*li";'en(^ [nM'idd. 'Vwo -tuge^^ <''f uplift, named the 
Knti'it rm.l 'l"v. .' ]• vta'jes. nre re.'r»Loii/(^'!, rivul nre referred to the end 
"f \\\r V\\<n',:v j.''v: •!. \.:'1i i>r' .l-i-bility ti:;-i ^^Im y 'Xtend i.^to the Pleis- 
f.-iui'- p( r!o,i .1) far a.s t,' iiu-lvalc \W. \'v.\\*- 'if nc«-nm' '.'.ation of the 
rontinrnial icr-^hect. 
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To the reviewer, these uplifts seem capable of correlation, in respect 
to their time arfd origin, with the latest uplifting of the region traversed 
by the Colorado river in its grand canyon, with the latest elevation 
and eastward inclination of the great plains east of the Cordilleran 
mountain belt, and with the epeirogcnic uplifts of North America and 
Europe that are made known by their deep fiords and submarine val- 
leys. The broad continental uplifts, contemporaneous with the Cas- 
cade orogenic movements, were doubtless the chief cause of the gla- 
ciation of both continents. ' w. U. 

Christian Faith in an Age of Science. By Willi.\m North Rice. Crown 
Octavo, pp. 425. New York. A. C. Armstrong and Co. 1903. Net 

$1.50. 

This book is written from the standpoint of a scientific Christian 
scholar, whose candor and acumen, the result of scientihc training and 
long and wide study, have brought forcibly to his mind the apparent 
non-agreements between science and some popular Christian beliefs, 
and whose Christian faith has spurred him to hold on to the fundament- 
al principles of Christianity. He allows those biblical corrections whicn 
have been made necessary by late criticism, but shows th?t they do not 
affect the main scope and purpose of the biblical revelation. They are 
inherent in the human vehicle in which the revelation is made. In 
other words, the scriptures are not inerrant. 

The writer has read the volume entire, with much satisfaction and 
sometimes with delight. The book is destined to be of great service 
to the thoughtful scientist, whether Christian or agno'=;tic. It has 
a wide sweep of discussion. Its style is simple and its statements are 
candid and fearless. It will not please everyone, for it ieans in some 
parts, so far away from some of the accepted doctrines of the church 
that strict adherents of the dogmas will denounce it as non-Christiai, 
but its close bond with modern science will win for it and for Christian- 
ity the confidence of the earnest and thoughtful of all readers. The 
author combines in his personality the qualities of an able and fearless 
seeker after truth in the science of the day, and of a reverent and firm 
believer in God and his immanence in nature, and in the essentials of 
Christianity. J*', h. w. 

The Cambric Dictyonema Fauna of the Slate Belt of Eastern Neic 

York. By Rudolph Rudem.xnx. Nezc York State Mi. scum Bulletin 

6q, 1902 (1903)' 

This paper is of much interest to American and Canadian geologists 
as it contains a very full discussion of the relation of the Dictyonemi 
zone to the Cambrian and Ordovician systems. 

The author gives an account of the position of this band in Scandin- 
avia, and the elaborate studies Linnarssnn, Tullbcrg, Lundgren and 
Bruggcr upon its fossils, and its relation to the Cambnr.n types below 
and Ordovician abnve. "The northern Enrnpcan pakeontoiogists almo.^t 
without exception, have agreed" to place this band as the "termination 
of the primordial (Cambrian) fauna." 
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CORRESPONDENCE. 

I'.kmioN OK ^^AT■^A 1-H.\, vn)\. On M-^iday afternoon, October 5» 
I<;(>.^, :i< tin: iJrili-li >1ii;» ( )i iin-.-try w.i'^ aj);»:t aoliiiig the west COast of 
llaw.iii. ilir i'A \v;i- i-li-i-iN '•'! t ; ^c :■ 'Ww.'j: a^ t!i"UL'h from great springs 
luiu. '■][ ii:i' ^-'.r;":-. l':.«- 1- :i!]" ;■••■:■■• '■■xv: .-i.'l Tit-iwptibly and the ship 
rri'ii\r.! u -"i "•!; :.- i: :m ■ ^'l--! v-i". ■ Tr-ni tl:i- c\'ist. The ship was 
Pir^i-il ;i-VTii !iv •!:■. i:ii;'-':. Wii.i^ l:.n.I v ;= ^ 'filled during the early 
an ■Tir-'n '■'" '\ v ■ \-\\\ ( >«-i'-"..'?-i- ■"'. i-j".'. :■. o >:::::':i ■" f ^^moke was noticed 
ri-^iiiL' fri-TT. *l •• <i:iv.it!'. .'-. u-"- -f M •"•;;. l.i-a. '"irst mate Carter who 
nr.!' :!■■ ■ ■* v ? ".■ •<::'■•■: */.. ■:.■:!'. ■." ' ■'■ i'A'^ miles high and 
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sides of the mountain. The smoke cloud reflected th? glow of the fires. 

Surveyors Baldwin and Dodge reported what seemed to he a flow 
among the small cones on tho sonthwest of the monntain, going towards 
Kahnfcu along the general line of the floivs of 1868 and 1887. llii* 
flow was prohably lo^t among the many cones and chasms of that slope 
as ii was soon lost sight of. 

The smoke from the summit crater ri^se in three cohimns, two small 
on^s and one large orie. The columns were aligned almost due east and 
west. The larger column wa* on the east towards Hamakua. The col- 
nmns as they rose united to form one great eoluniu that rose lo a greiit 
bight and in some cases spread out like a grsat umbrella, the nndcr par! 
reflecting the dwll glow of the lircs henealh. 




Bniptlon of Manna Loa. October, 1903. 

Many wild sioiics were circulated, and among them w.:? one, of 
some ranchmen, thai the lava was oierflowiiig the crater w.ill at the 
lowest point i>nd flowing down towards savith Kana in the fi'neral line 
of the How of 1859. This report, although verified hy Iwj ditfereiil 
parties, is probably not correct. The persons (ranchmen) may havo 
seen what appeared to l>e a flow over the wall, but was simply a crack 
filled with hot lava that filled to find an outlet. It seemed to be along 
the line of weakness Mhere v-ou might exni'Ct such phenomena. 
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Tht; lava in the crater showevi along a line runnings through ih«; 
crater northwest to soutlicasi. There were three principal fire- fountains 
from .vhich the hiva tloweii over tl^e crater floor. Steam issued in a'.l 
c!:r?ctioii«» over the \vht>le craii-r rt.'- r. with an area of (three miles by 
two and one-half miles) seven and one-half miles. It is said that the 
crater flor>r rose 300 feet and then settled back to its old level. 

On Monday, December 7th. r.t 10 p. m.. the last glow from the fires 

was sevn and then blackness >ei:Ied' d«.»wn ever the mountain top. 

EIdgar Wood. 
To C, ir Hitchcock, Hanover. X. H. 

The Doi.omvtks ok Knstekn h>wA. The experimental work in this 
investigation was done by drace I\ Bradshaw in the chemical labora- 
tr^ry of Cornell Cdlejie. The purpn-ic was to determine -whether the 
silica exists in a free condition, or is in the form of a silicate; also to 
ascertain whether the iron is in the ferrous condition as carbonate, or 
is in the form of ferric oxide. The rocks al>ound in many parts of lowi 
and b'jlong to the Niagara formation. The stratified character, even in 
a small field section, is apparent, and the layers differ somewhat in 
composition as shown by the varying amounts of iron visiWe in differ- 
ent porti(;ns. The rocks are used as building stone to manufacture 
qnick-lime, and in McAdam paving. 

To answer tho first question as to the condition of the silica six pair- 
of determinations were made as follows: 

(n). A gi;am of the finely powdered rock was placed in a small 
be:ikcr, and covered with a watch gla«;>. a small quantity of dilute hy- 
drochloric acid was added and tho carbr.nates were dissolved by careful- 
ly heating to the boiling point. The insoluble portion, which is the sili- 
ca, was filtered off. dried in an air bath, and the weight determined. 

(b). A gram of the fine powder placed in a porcelain evaporating 
dish of loocc. capacity was treated with dilute hydrochloric acid, and 
covered with a watch glass. It was warmed on the water bath until 
there was no further evolution of oarbmi dioxide. The watch glass 
was removed and the di<h was kept "'n the water bath until crystals 
began to appear. Then as the drying continued, the substance was con- 
star.tly stirred with a gla^^ rod until a fine dry powder resulted. The 
pnwder was then moistened with a t\-w drops of concentrated hydro- 
chloric arid, and j<xv. dilute liydnx'hl.-ric acid (.eciual parts of concen- 
tr:.tv.'.l hy.ln.clil' ric :i:id and w:itfr » ;'.nd :-U'\\i the same quantity of 
ui'itT wrrr acMi-'d. Iln' ■'-■nivnt- .if ilu- <Ii-'i were then filtered and the 
-iiica di-tt imiiu'il. ili.- n.-^rilt^ !'• r tin- lun methods were as follows: 

(b). 

1 ^ u.:s i O- 0.75 .< 

M ,,'-n •• 2). 0.90 " 

oSl " 3). 0.85 •' 

oS- • 4). 0.91 •' 

. , I 5) 0.87 " 
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The treatment described under (b) would decompose a silicate, 
while the method under (a) would not. As the two series of results 
are fairly concordant, the conclusion is that the silica exists as a fine 
sand disseminated through the rock. A private communication from W. 
H. Norton, of the Cornell College department of geology, states that 
he came to the same conclusion while studying the rock with a petrolog- 
ical microscope. The method described under (a) is simpler than (b), 
and the work can be done in a much shorter time. It is therefore to be 
preferred in the analysis of rock of this kind. 

2. The condition of the iron. 

A gram of the substance was introduced into a flask of I20cc. capa- 
city, fitted with a bulb tube and Bunsen valve to prevent oxidation of 
the iron. It was dissolved in dilute hydrochloric acid. A few drops of 
the cooled solution were then withdrawn with a capillary tube and tested 
with a crystal of potassium ferricyanide. No suggestion of a blue color 
resulted, showing the iron to be in the ferric condition. This increases 
the value of the rocks as a building material, as ferrous carbonate is an 
unstable substance with a tendency to change to the ferric condition. 
A complete analysis of the specimen resulted as follows". 

CaCOs 53 .62^^ 

MgCOa 44.96^ 

SiOa 0.83^ 

ALO1 0.25J< 

FCaOs 0.34^ 

Total loo.ooj^ 

The specimen is nearly a true dolomyte which contains: 54.35 per 
cent calcium carbonate, 45.65 per cent magnesium carbonate. 

This method of analysis was employed : After removing the silica 
according to (a), a gram or two of pure ammonium chloride was added 
to the filtrate to prevent the precipitation of magnesium. It was then 
heated to boiling and a small excess of ammonia added which precipi- 
tates iron and alumina. They are determined together and then dis- 
solved in the crucible with warm hydrochloric acid. The solution is 
treated with caustic potash which precipitates the iron and dissolves the 
alumina. The iron is filtered off and discarded because it can not be 
thoroughly washed from the caustic potash. The filtrate is slightly acid- 
ified with hydrochloric acid and the aluminum is precipitated with 
freshly prepared ammonium sulphide. The precipitate when heated in a 
crucible becomes AUOa. The filtrate from the iron and alumina, con- 
taining calcium and magnesium, is heated to boiling and precipitated 
with an -^ solution of ammonium oxalate, care being used to avoid 
much excess of the reagent. The precipitate was allowed to stand 
eight to twelve hours before filtering. The well washed precipitate of 
calcium oxalate containing also a small quantity of magnesium oxalate 
was dissolved in warm dilute hydrochloric acid and the solution was 
made alkaline with ammonia. This precipitates the calcium oxalate and 
leaves the magnesium in solution. This, with the main portion of the 
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the general surface west. From the prevalence of Permian strata, I 
have elsewhere applied the term "Permian mountain" to the ridge. Ths 
loose flint is of the upper Carboniferous age and some may be Permian. 
The ridge varies from i,5CO to 1,700 feet elevation above the sea along 
the line of Cowley and Elk, the highest point being near vhe southwest 
corner of Greenwood county, and 1,565 near the southwest corner of 
Elk county. The elevations are closely correct being- taken when I 
was in charge of a railroad survey across Kansas in i87>. 

These flint beds look to a former period when this country was at 
least partly covered with water, and in the process of subsiding, the 
gravel beds were deposited, probably by moving currents originatinj^ 
from the melting in the north of the ice after the close of the Glacial 
period. G. c j;roADHEAD. 

Columbia, Mo. 



PERSONAL AND SCIENTIFIC NEWS 



ATr. G. E. Condra has been appointed professor of geol- 
ogy at the University of Nebraska. 

Professor W. P. Blake of the University of Arizona, is 
spending the summer vacation at Mill Rock, Conn. 

The degree of doctor of laws was conferred on T. C. 
Chamberlin and S. L. Penfield by the University of Wiscon- 
sin at the recent jubilee celebration. 

Dr. F. J. H. Merrill retired from the position of state 
geologist of New York June i, and has opened an office in 
New York for the practice of economic geology. 

Professor W. H. Pettee of the department of mineralogy 
and economic geology of the University of Michigan died 
suddenly at Ann Arbor, May 26, at the age of sixty-five years. 

Dr. C. H. Gordon who has been acting professor of geo- 
logy in the Washington State University during the past year 
has accepted a call to the chair of. geology in the Xew Mexico 
School of Mines. 

Professor Henry Landes, head of the department of gecj- 
logy in the Washington State University, who has been absent 
studying in the I'niversity of Chicago during tlic past year 
will resume his work in Seattle next year. 

T. C. Hopkins, Professor of Geology at Syracltse 
University, is doing geological work in California this sum- 
mer, preparing a bulletin on Structural and Industrial Ma- 
terial for the State Bureau of MineralogA\ 

Professor Samtkl Calvin his resigned the position of 
Stnte Geologist of Iowa. At the meeting oi the Ir wa Geolog- 
ical Board on the 4th of June the resignation was accepted 
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to take effect July i. Dr. Frank A. Wilder, Profe-sor of Eco- 
nomic Geology in the l-niversity of Iowa, was elected as 
Pn^fessor Calvin's successor. 

The LKGiSLATUKE OF CoxNFXTiciT at its last session or- 
dered a geological and natural history survey. The board of 
commissioners embraces the governor and the presidents of 
four colleges, viz: Vale, Wesleyan, Trinity and the Connec- 
ticut Agricultural College. Professor \V. M. Rice of Wes- 
leyan Lniversity,. has been appointed superintendent of this 
survey. The present ap))ropriatifm is $3,000 for two years* 
work. Put there is grtat probability that this will be in- 
creased by the next legislature. 

Wanted: Economic (ieuldgist and Paleontologist to take 
charge of field party investigating stratified economic deposits 
of coals, irons, clays, etc., of the Philippines, and to perform 
nccessarv lal>oratorv and office work in studv of fossils and 
preparation of bulletins and reports; experience in soft coal 
preferred. Must be graduate, of thorough training, young. 
and of robust health, and nnist s:itisfy I'nited States Civil 
Service Jjoard of (jualifications before appointment. Salary 
for first year two thousand dollars with field expenses. Leaves 
of absence granted. ( )j)portunities for original work excel- 
lent. Address, giving complete details and recommendations. 
to avoid loss of time by correspondence, the Chief of the Min- 
ing Bureau, Manila, P. I. 

At THE ALLMNI DINNER OF THE StATK UNIVERSITY OF 

Iowa, the former students of professor Samuel Calvin, to the 
number of over two thousand, united in the commemoration 
of the completion of his thirtieth year in a professorship at 
that institution. The recognition t(^ok the form of a costlv 
silver loving-cup, designed esj)ecially for tlie purjx)se of sym- 
bf^lizing the sciciuific achievements of the recipient. The cup 
is a classic (Jrctk vase sixteen inches in bight, and stands on 
a base of serpentine ^\q inches high. Tt is adorned with casts 
taken directly from fossils, with a drainage-map of Iowa, with 
cms^ed geological hanimers, a micnjscope, and the more con- 
ventional sprav of laurel, owl of wis'l(m and torch of learn- 
ing. — all in relief. One side bears an appropriate inscription 
in raised letters. 

TVofessor Calvin was elected to the chair of Xatiiral His- 
tory in Iowa's universitv thirty \("'rs -igo. The "chair" ha^ 
since been subdividerl into ftuM' di-^irct departments, profes- 
s(!r Calvin retaining the dtparlnient of geologv. He has 
Ik en state geoUigist of Iowa during the last twelve years. 
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TECTONIC GEOGRAPHY OF EASTERN ASIA. 

Reviews and Translations by William Hbrbbrt Hobbs, 

Madison, Wis. 

PLATES III-IV. 

The march of events upon the other side of the planet dur- 
ing the past decade, the imminence of great industrial and 
commercial evolution, the probability of political changes to 
which the Russo-Japanese war is the prelude: have served to 
focus attention upon the geography and only less upon the 
geology of eastern Asiatic countries. A result of this stimu- 
lation of interest in our antipodal regions has been the large 
number of scientific expeditions which have been fitted out, 
either with the support or the encoilragement of the different 
governments concerned. The reports of greatest interest from 
the region, because of the perspective which they afford, are 
by two masters of generalization in geological science — Pro- 
fessor Edouard Suess.* of Vienna, and Ferdinand Freiherr v. 
Richtofen,t the great authority upon China, and the professor 
of Geography at the University of Berlin. 

The work of Suess upon the structure of Eurasia would 
not have been possible at the time his earlier volumes were 
pubHshed (1884). It is therefore a gcncraHzation derived 
from painstaking, careful study of numerous recent reports, 

* Bdouaud SUHSS. Das Antlitz der Erdc, Bd. HI (first half), 1901. pp. 
1-508. (With general map.) 

f Pbsdinabd v. Richtopbn. GeomorphoIoKischc Stadien ans Ostasien 
SitzanjBTsber. d konigl. preuss. Akad. d. Wissensch. z. Berlin. 

I. — Uber Gestalt und Gliedernns: einer Grundlinie in der Morpholosie 
Ostasiens, Bd. XXXIX, Berlin. 1900. pp. 888-925. 

II. — Gestalt nnd Gliederung der ostasiatisctaen Knstenbogen, Bd. XXXVI, 
Berlin. 1900, pp. 782-808. 

III. — Die morpbolojiiBcbe Stellnng von Formosa nnd den Kinkininseln, Bd. 
XL, Berlin. 1902, pp. 944-975. 
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Geography of Eastern Asia, — Hobbs, 71 

"The crescents {Bo gen) which fomi these borders, all of them 
turned to the southward, point to a connection of the parts of this entire 
extended region, and if one examines the eastern coast of Asia along 
which repeated island-crescents and the bands of islands are strung as 
upon no other coast of the globe, the thought is forced irresistibly upon 
one that a common cause must lie at the basis of this marginal festoon- 
ing of the Asiatic continent." 

Further he says: 

"These examples and problems may suffice. They show that the 
most important facts in the largest numbers which it has up to the 
present been possible to discover respecting the position of tectonic lines, 
relate to Europe and the borderland of Eurasia. A binding together of 
the parts, and any sort of synthesis, would not have been possible at 
the time of the appearance of the second volume, for the reason that 
all interior parts of Asia, in which the connection of the crescents 
must be sought (Siberia and Mongolia), were almost completely un- 
known. The latest works of Russian explorers have for the first time 
furnished the possibility of such an attempt." 

To review the more than five hundred pages of Suess's 
work, packed as it is with local data carefully digested and 
correlated with those of neighboring regions, would be to 
wTite a more or less extended treatise upon Asiatic geology. 
The book is, moreover, accessible to most readers of geological 
literature. It is sufficient to, state that the same principles 
which were shown to be so important in determining the broad 
features of European topography and geology apply equally 
to the Asiatic continent. The evidence that defonning agen- 
cies responsible for tectonic structures and for surface features 
of the first order of magnitude have been operative through- 
out the entire region, have been supplied with only less full- 
ness. The great importance of disjunctive processes, which 
have allowed the sections of the earth's crust to move up or 
down with reference to each other, thus dividing the country 
into plateaus or landsteps, is no less forcibly presented than 
was done in the earlier volumes. 

With this first half of the third volume of Das Antlitc der 
Erde is printed a map upon which some of the larger lines 
of faulting have been indicated. The portion of this map 
which comes within the region here under consideration has 
been reproduced in figure i. The course of the Ho-ang or 
Yellow river is indicated upon the map in its southern i)ortion, 
and the great plain of Qiina by the white area in the extreme 
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.- '!•'• \:.'*'-\x'.;\\\vA\^ Xi'\(\<)W to the north and we?: 

<- ..'::*' f\ '].' ic'ip- iin|)nrtant oi the tectonic lines. 

r,-. -^ • ;:* !' . III'! t'» m<('t tlic- eye of the geologist are 

■/ /-ty.-v ", / Pi' I. fop M ill \\\i' Silcunirsbcrichtc of the Bvr- 

■ '■'>..\'-- ■ 'i !.' fif I 'if ilii- -<Tirs »,f three is devoted to the 

.";'', :';,:« -Mil' 'I in |/;iit iipNii the maj) which has been re- 

;,;v. ."' J.-MJi .11' ■ V. liat v. I\i< litc^fcn has distinguished a> 

*■ ' .: ^' :.',; Mi' , (>i /jinfl.^iiif/i-ln, a word which has here been 

*r;;:, ,;:♦''! fiiH/l.trp;. v. Ki(lit'»f«n s!lr,^v^^ that along" a line 

;,';*;; ;,;ir;i}l'l v.iih lln- raulii- <'.a^l i)i Asia there runs a 

* : .' i.i ' ' A\^\y'v i\\ ■ and innr*- nr l<>s cixscc-nt shaped plateaus 

( l,(inil:inlirlH) all cMivcx t«i tin- >• mthrastward. v. Richtofen 

-'»;;.. •'! \'y'.\Xi\ it as ^i^nifuant tliat this scries of landsteps 

<'.»'!!'! ;tM'» . ili«- ( "iitiiifiii st» as cl'.-cly to approximate to a 

y\t ;»t ' .]r\t i.f ill*" rat lli. 

'Ill'' anilini'. vi«\N ^ ai'- s" fully suminarizcd in the con- 
i\\v\\\\y -Mti'-n. that ii i. ili<iii;;]it lu'st lo reproduce them en- 
tire ill tran-lati«'n. 'I lir many dillVn-nt spclHngs adopted 
hv the dirrtr«nt antli«'is for A-ialic i^i'OjL^raiihic names intro- 
i\\uf tli«- ^rcaU-t r-'nai-i-n i:i:- ilic: sir.dy. The translator 

• Thcrr n j»jic.'irj» to l>«* nn orn»r licit m.-si^nuli a*; thi.' Aldan Range la in the 
•.iitm- itMttnii »•- Kh'n>^;ni K:iu.i.:<.. ihcr-ni 1ip;iii; t o ^ivc the western rather 
tliMti th«* castiTti liimt to ihi- l:'.m! sici>. l''*" < a^viru limit is a northern ■eclion 
K)\ the Sinunw'ii (Stnnovoi) KaiiKC — I ri» AN>i.ATuk.] 
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Land Steps and of the Entire Fault Line. * 



Extent of the step in the 
direction of the meridan 


Length 

of the 

crescent 

(Boeen) 


Offset of each step to 
the eastward 


Relation 

of 
m to n 


In desnrees of 

latitude 
approximately 


in kilometers 

on meridian 

approximately 

(m) 


In degrees of 

longitude 
approximately 


In kilometers 
approximately 


222^-25 N. 
25-32/^ N. 

32K-38 N. 

38 - 54 N. 
50 - 62 N. 
62 - 66 N. 


• 

255 
830 

600 

1760 

1330 
440 


450 
1200 

750 

I9CX} 
2000 
2600 


2^" 
4?j° 

3° 
8° 

49° 


250 
550 

270 

580 
IIOO 

2400 


I : I 
1.5 : I 

2.2 : I 

3 'I 
1.2 : I 

.18 : I 



has therefore used the German spelling of v. Richtofen, plac- 
ing after each word in parenthesis the spelling of the Century 
Atlas. To render the geographic descriptions intelligible a 
map is necessary, and one of the excellent German maps from 
Andrees Handatlas, upon which the tectonic lines referred 
to and the great circle to which they approximate have been 
sketched in has been furnished from v. Richtofen's description. 
It should be used as a guide map in following v. Richtofen's 
descriptions which follow : The map of figure i is on a 
much smaller scale and includes the area covered by figure 2, 
mainlv betw^een the Yellow and Amur rivers. 



RESULTS AND CONCLUSIONS^ 

A. MORPHOLOGICAL RELATIONS. 

a. Along a line which begins somewhat south of the Tropic of 
Cancer in about 130° east longitude, and which may be* followed to 
the Arctic circle in iqo° east longitude, are arranged a series of con- 
tiguous crescent-shaped land-steps (Laud staff el) convex to the south- 
eastward, which have the peculiarity in common that the section of the 
earth's crust immediately to the east always stands lower than the one 
to the west. 



* All fij^rea are only approximate values. 

t The cqaatorial limb is here reckoned only from the junction with the 
meridional section which follows to the south. 

t Reckoned as the aTerage breadth. 
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I- V.r !'•• i.i rich >tci) C(ui>ist> of two rectilinear or gent'iy 

't: .-..-^ • :- nsf ^*/ M' n^. (i, c. : an easterly meridional and a S'jiitherv 

•'. '' ! - •.'•!/, aIhjIi are joined wilh one another to form a cre>- 

.•• » ,; .'.*.' . '.;' ,'iricfr i>t ••mailer raoius of curvature. The m-.-re exa;: 

'-■.': • .f *!=.- /-i-t'rn limb is on the average S. by S. \V. — X. by X. E. 

'■• •■^■' '^ r. rh'- i.'irtJMrn '^tep^ more toward the X. E. The direct: :n 

• •■..• •.'. :h' .r.;i; liTj'r, 'v.'irit^ little fn^m \V. S. W. — EL X. EL 

. ■ •• ■';.!*',. v.'t! portion of the border of each step crosses the 

^',.- .; ..♦-., y.rr'.;. of th<- rrcscfnt next farther to the south. Tber«? 

.-... ..c.Vj'vr! :? flw directi'in towards the pole an advance of :he 

' -, ,<*'■;« •.•.'.•:'! iikr that of the wings upon the stage of a theater. 

:•'.' ■■., -r^T. • -.'-iti.-n ni the majority of instances stretcher r.-Jt 

• ■■»<-! ^. • r !,' ;. ;'it of jnnrti«'n with the meridional. A concentr:.- 

*'• ■' 'I f .- nowhere found. 

■* . . ..rfi;.o'/r;iphr';il rr];ition> tjiven under a. b, and c, above are 

.•>••• ;'-'.', ♦;.' i.*;ni»ru;il \;ihics in the adjt)ining table: (See pp. jj- 

I •:iunr]]\\:i] yi<Mt circle through the point of intersec- 

.•' ■ ' .:fr'/Ii;ii. of o5 i i -t with the e(|uator and of the 66th par- 

>. -* '■ ♦o Mie we-iw.'ird of I'.e'irinjj: >traits (in Longitude -185' 

■ • • • ■■'■:::T'\ Mir\(-- of the laiwl steps adhere to it with sufficient 

:.'■ ■ -:. * . ri:;i'.^' it proli.ihle ih;ii i!ie fallinii: together of both lines is 

;: :t(infi< am**- I 

: '.'".'■ 'Ti'iri- -rrie-. of cr<''Crni> forin-^ a continental divide between 

.•■ -..*• ;iiul inl'iiwl east Asia. witl:«'ni rt-ijard to whether the f<jrmer 

::■-•- '.'I. .ihoin the -e:i at Othnlsk (Okhotsk) and in the narrow 

■ • •■ ' '.f fo.'it 'f f i<ni h^' (\/.u,^]) 1);tween Pekin and Muk<.I-.?n. 

• ' ."'I.'r It rr-.'iiln-- a l»re;i«.ih of more than 1 .000 kilometers, as in the 
>■:"■' i of \tan«hnii;i ;in'i I'hin.t ly:ii« cutsidf the inland region. 'Hie 

.;'. ,-*iii' •■ of fh«' (\\\ ule i'^ : 

f'no I- nioijihoi.'rapliic ; thi> i"- conipri^^ed in sections a. to e. 
J 1 f .dr'ijM'iphic. Mic Ki'i'il 'stream- ni east .\si'i have their sourc- 
' '. f'-r ♦!,'■ :no-t p.ii f;ii i<: the wc-i of tlii- line, hut first enter upon 
?',- ir '{•;.'■ lovv'T rr.'iciic-. wlu-re tlicy c;it thrcMigh this line. This 
:. •'■!• of hi!i:i :\\\i\ \'ell<-w ri\er-, ilie hasin of the latter stream at 
*! '• ;)-.:r,t .,i' < ro, .iti;j licin.-. rr^tr;'.-:t <1 lo little more than the stream 

■ •!w'i::i'! : d tli* lf<iii '-i<iu,', '(i.-'ii ri\;M^. )\i)ii:-scc-kiang (Yang-tze 
rW'V). )' Ui'ii-l i-iir, ( N'nau iix-m), //.v /.-/..o/;'. and S<fn}^-ka (Song-koi — 
!<'■ ' Ivi-. 'Tj. I\,i-tv. aid 11'. ni \\;i- ^in- •■/ hrcakinjir through, the broad 
.''■!)'i ar«-as are c .nr-r.j l.\ na\ il'.''.! ie tiiain-. which, to the south of 

• This .'ippeiirs lo tic ;iii i*rri»r ;is i.lit jl^i* ro rii\le described in the foot note 
•-VMild |ins« f.'ir I" t.h< \\c>L ot this jMntit. [ I'k- ansi.a iok. ] 

;■ ThisKrf.Mt iircli-Mins p:;st ihr \)\;n.f: (U h<>t ^ly. inhhttiak), Ajran,Taft3itkbstr 
< r««itMkati, F':nttiii^-fii i P.u i-liii j.; i . U ''iumj-yuii^-iii < Sin^^- yting I, /-tsci!iAn|{'-/xr 
il-ch.'in^o w liit h lie ;i t the lo<t .•! :. iic iiidi vidu.il steps at distances 
v.'ir\ inir tr<Mn o-fiOkin. U ii«Mj«tinOs i^un \%<*.tfiii yv m/i/7/,'^-si, 120 km, east of 
I^t"<c-tinu « P'>-;n<.!. and rniris t hr tn. di:il liiir iu-lwreii th( Kwei (Kni) Crescent 
whiili jni»if« t« >«>n,( wlmt to\v;irds the « fist iiuf\ ilu- Yxnimtn (Yunnan) cres* 
cent rrnir'ii:iii>.T to thr y<<<\. It shoujii he rtn) iiked thnt this section of the 
crr'^criit iir- in ihf if .ti t in u;i t i< •••"> <>; a'i< 1 J.f r ♦<«. ot i- -r of the crescent t>elon|^nf 
to th»" -.iTnc urcnl v it « !•■, v.lnch l''>r!tis ; lie rntrlip I lint- < if the Pacific ranges of 
North America, whicli i\rc oijentcd essentially i)tirMlkl to it. 
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k line that continues the Tsw-liug-schan (Tsin-ling range) line, form a 
densely crowded network, though northward of that line they are spaced 
with wider intervals. Westward from the series of crescents, navigation 
is interfered with or is difficult ; only on the Vang sce-kiang ( Yang-tze- 
rr\'er) there lies farther up in the Red Basin of the Ss-tschwan (Sze- 
chaun) still one other region of better navigation as a consequence of 
regionally less intensive and more intensive erosion. 

3. Commercial geographic. Commerce is conducted in general freely 
and openly to the east of the series of crescents: except in south- 
eastern Manchuria where the mountains fix its limit. The land-steps, 
in spite of their generally small altitude, present a bar to commerce, 
which, on these land routes, as in the case of ocean routes, have only 
in a few cases been overcome. Maritime east Asia is hence closed 
off from the inland country. This is even in those places the case, 
where, as in Schcn-si (Shen-si) and Mongolia, open lands again follow 
upon the other side with easy conditions of communication. 

4. Climatic. Although all land in east Asia, or as far as Ochotsk 
(Okhotsk), is under the influence of monsoon climate, yet the dividing 
character along the line determined by the step borders is in some 
places recognizable and probably everywhere present. The separation 
is sharp in Stauozcoi (Stanovoi). It is present in the Seya (Zeya) range 
and Olckma ranges and the Khingan as shown by the contrast of the 
park landscape and the deciduous features on the Amur with the Siber- 
ian conifers and the dr>' steppes of Mongolia. Only in one region west 
from Ntynni and Titng-liau-ho (Tung-lia river) do the latter extend 
eastwards over the Khingan. For th-j stretches lying farther to the south 
it is sufficient to point out the contrast between the great plain which ex- 
tends from Pekin to Hivai (Huai) on the one hand, and coimtrics 
which lie on the other side of the land-steps — Mongolia, Ordosland, and 
Schcn-si (Shen-si), on the other hand. In southern China the separ- 
ating influence is veiled by the much stronger one that is exercised by 
increasingly high mountain ranges. 

B. REI ATIONS (iF THE ARE.\S OF THE EAKTH's CRUST WHICH BORDER THE 
SECTIONS OF CRESCENTS TO ITS INTERNAL STRUCTURE. 

a. The following are certain peculiarities of the internal structure of 
those areas in east Asia which come here under consideration : 

I. Fundamental gneiss and gneiss granite in the basement are found 
in China only in Schan-tung (Shan-tung) ; the internal structure show- 
ing the constant strike direction of N. N.W. — S. S. E. Obrutschew' 
determined it in the ancient gneiss to the eastward of Baikal as W. X. 
W. — E. S. E. In all other Archean rocks of continental east Asia, which 
lie to the eastward of the meridian 105° East and to the northward of the 
Tropic, the Sinian strike direction (average W. 30° S. to E. 30°. N.) ap- 
pears to predominate strongly and to control regionally the basement 
structure. Only one important excepti'^n is known; it is afforded by 
the relatively narrow but compactly constituted Tsin-ling zone in whose 
structure the Kii'cn-lnn (Kucn-lun) strike direction (W. by N. — S. 
by E.) controls exclusively. This zone of intense folding must have 
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bren indicated from the earliest times, sinCe the ranges 'which are on- 
cnted in the Sinian direction approach one another at their northern and 

"^''iUthern limits. 

2. 'J'he ancient Paleozoic cover resting upon the eroded basement 
lies horizontal and apparently unbroken in the Lena-Olenck country: 
the Triassic fxrcurring in higher latitudes, and the Upper Jurassic trans- 
gression stretching from here to the latitude of Jakutsk ( \'akutsk), 
have the same position. The remaining portion of the entire regi"»r» 
is di\ided into two portions by the Tsui-ling range and its imaginary 
eastern continuation. North of this hue the sediment plateau has 
suffered no foldings, or at mcst very slight ones of the nature of bow- 
ings-up, dcicril^ed by Suess as back-folds (Ruckfaltungcn) which are 
locally restricted. On the other hand it is broken into horizontal lying 
or gently inclined portions displaced in reference to one another; in 
part these have the form oi irregular blocks and SchoUcn, as in Schan- 
tung C Shan-lung) ; in part they appear in long parallel strips, as in the 
north Chinese and Daurian ranges. The faults appear in part in the 
form of flexures. To the south of the Tsin-Iing zone this plateau is 
di\-ided first into crowded, farther away into broad, open folds, with 
abundant supcrimposiiion of middle and upper Paleozoic, as well as in 
places of old Mes(;zoic mnrine IrmIs, in v hich the Sinian strike controls 
the character of the landscape. 

b. The collective nrrangcnient of the ?^ystcni of faults is independent 
of the internal structure. This is different in the different land-steps 
enclosed by the indivicbial crocents — its fundamental lines may be 
grouped toguthcr a^ follow^ : 

I and 2. Yunnan (Vunn'in) crc-scont and Kivei (Kui) crescent sur- 
roinid the horst-like ma>>if of Vunnan (Yunnan) and Kzcri-tschou 
(kui-chau). Much fractured { I'crk'itrstctcr) limestone predominates in 
it; but the nioinit.-'in Atmoture i> nnt km \vn. The meridional arrange- 
ment of individual for!n eUnu-nts in onstcrn Vunnan (Yunnan) allows 
the prt.'^unii)tion of tin- ^trp likr sinking inward to the east. Farther 
to the north the ///<A\\'(///.if fault l.'nclo•^t•- a^ a jjart of the Kwci (Kui) 
crescent llie eastern raiij^v "t tin- /'.i-ra-schan in the Sinian direction, 
which i> here modcratclN foMt-'l t « the "-Mitlicn^t. It is probable that this 
folding Continues in tlu- lior^i of Kwi-t^chcu ( Kni-chau). 

3. In tlie >tfi)-|)ro\ iiic; vii -I^-cd l)y tlu' llonan crescent the main 
rrinj.rc of ilio 'I'sir-lifii: j)"! iiii/.r- 1- :i !ii:i--i\c range, strongly folded, 
(li-iin'^ni-lu-<l by - .nilicriy tlir"-.Mt<! O' -iinir^ --ioji and over-turning, and 
cnntr«'l]cil by tlw stnlxo din oi-' !i W. ly X. W. — K. by S. E. It is ac- 
o<tni[)anicd in tlu- ni'iili ny >>niiil:iriy 'lir<(.'i«'-l. jvirlly low. partly very 
liigli. iiiount.nn ran;.:*-, v.iiirii 'i^-.wj va 1"jui -ul>.'octcd to folding since 
tile C:inibri;ii^ /ti'. -'iildim-.n m.'-y <;^- .i:-tinci!y made out in the 
northerly iiK-liiit.-d Mr"m<'i;>^iio M- ('k- ;rr,i:.'..:<-.l :i!.r.tr parallel faults. The 
ILnhji' l"ar.lt (,•'■1- ■ \\ ;!;< cm. i'-- c- ".kiv-x \\\^"\\ \]w ca-^1. 

4 Tl;.- • i\--.:<:it 'tf !i;* 7"..' ■•;./.,•.,-..,.'.;;• ( '1 '.i-l'aiii; mountains) bor- 
der- 'I I'i.'l' v"if,- ;:< ]'!.•.*;•''•■ v.,^.: 11 ..-.vc-, -i- , y'^-^-.n to a relatively deep 
aiirl \CT\- iii:if-.r:ii tKi'r<.--:M] '•! tii'" 'li-i:;';: a- a wiiole. The plateau 
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land is many times faulted in a meridional direction with slippings-down 
to the eastward; and slopes to the eastward in step-faults, but to the 
southward in a flexure. 

5. Within the eastern Mongolian land-step is spread out veiled land 
from which certain mountain ranges jut up having predominate Sinian 
strike. From the few investigations at our disposal these ridges appear 
to be in structure not essentially different from the adjoining north 
Chinese and Daurian mountain regions to the south and north, which 
are separated by faults into gridiron-like parallel systems. 

6 and 7. The Sud-Stanozvoi (South Stanovoi) crescent surrounds 
a perfect ancient Paleozoic plateau, extending in the southwest to the 
high ridges, within which plateau folds and faults have been proven. 
The interior of the Nord-Stanozvoi (North Stanovoi) crescent is geo- 
logically unknown. The north outlier of the Verk-hoyanskii range, con- 
cerning which excellent observations by Baron Toll are available, is too 
far removed to come here under consideration. 

c. If we separate the individual crescents into their two components 
it is found that only in the meridional sections is the independence of 
internal structure* expressed. The fault? of the Aldan range in th'* 
Khingan in the Tai-hang-schan (Tai-hang mountains), and the Huk- 
wang fault cut across the dominating Sir.ian strike direction in the basal 
structure of the corresponding steps at angles of 120 to 140 degrees, 
while the Honan fault is parallel to the Sinian direction, but crosses 
the interior ridges of the steps connected with it at <;o degrees. 

As regards the form of the eastern faljing-in, the step-fault is proven 
in the Tai-hang-schan (Tai-hang mountains). The parallel grouping 
within the zone of falling-in makes this torm probable in the Khingan- 
and the Aldan ranges. It is doubtful in the Tsin-ling-schan (Tsin- 
ling mountains) and in the vicinity of the Hukzvang fault, while on the 
eastern side of Yunnan (Yunnan) certain facts can be introduced fa- 
voring step-faults. 

The aggregate amount of the depression is in all cases considerable. 
In most cases it is certainly not less than two kilometers (about 6,500 
feet), probajjly it is" throughout notably greater. 

Respecting the manner in which the eastward lying crustal areas 
are aft'ected by the falling inward, I do not venture here to say. It 
may be that in the latitudes in question, i : the entire area stretching 
to the eastern margin of the continent has been depressed, or, 2 ; a 
Grabcn depression separates the high mountain land-steps from the 
other eastern ones; or, 3; the eastward lying orographic block is depress- 
ed only on one side against the fault line and ascends from it toward the 
east to the mountainous countrv. 

d. The equatorial sections of the crescents follow the strike of the 
internal structure. They appear in ccuiscqucnce as deviations from th'^ 
expression of the force which conditioiicd the great development of 
faults. The continental fault does not iollow singly and continuously 



* lanerea Baa. Thi« expression is evidently restricted in the aathor's mind 
to fold atmctures. 
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the line of the grvai c*rc!c. ":•.:: •- :•.-: .m'.'i.xj'l into several more mend- 
ionally dirccicd N!rc:c'"v>. .%-..:>. : re f.il-.^fi> thcni from north t-: 
soi:th, return !.• tr.c usvr'^vr i— :•:•:'■. i: .: :h< «:rear circle by means o: 
the equat'.»rial >tretche>. Wr^yy- ■■: r:v- ';:«?> :he basis for the fact that 
in nf>rthea>»t Siliers.;. \\h :r^- :S: ^-.i: j rci^; in question makes only a 
small angle with the va'i'ci- ::': ■■:'{■: r r:al stretches predominate in 
their extent: the iiier!<*.:-^:ui! >i-^::.'':- -v :h-* '.ther hand become pro- 
portionately >horter wA .ic-cr:".v i '.^-'z-iz in^Ie with the merioian than 
they do farther h* the >.'1'.:*t S:rj y ::: :!:3t case the marked western re- 
treat from the south end ■. f th-;? fiu'cunn^ fa*.:'.: forms part of an abnor- 
mal phenomenon antl s:i«.»u\l ukt rercrrrc: to s«-rce ether cause. 

In the equatorial ^ecf.r.-. .:"- I'loj hd\ * bten tectonic processes 
connected with the huildinv: irt : t>:e !and->:eps. Just here occur the 
great flexures directed t<»warl :!:c \\jii:: of IVkin. the embayment of 
Jl'a'ai-hiufi-fn { Huai-kinv;'. an I i:w r. rthv\t>: oxist of the inner Yellow- 
sea. However the tn.nNiiitMK fr. ::; :*.e Irgh ;jri.>unds of the land-steps 
to the deep land stretclu-N at tlicir f : :irc miJe generally ver>- grad- 
ually and are brought .il> »iii thr ;:v;l: I'-x.^uently changing mountain 
land- scapes. They ai)iK*ar t»> Ik- in. re a'^riip: on the south side of ATtivi- 
tschoH (Kui-chau) and Yuniuv-i y\\yMv.'.w . 

C. TVrE OK riAlON'*.- Mo\F.MENTS. 

a. Cre.scent-slia[)ed border ^weliiii^^ wit!', lauil depressed in front 
easily j:i\e ri-^e t-) the ininre->i« n «i a :r. \ enient i^i a large scale of tlie 
upper [)art> of the earth's oru>i ir- in \W i:ueri<»r r»f the crescent out- 
ward and ci)nneoted with ni)lii:inii of ;l:c !rt«iu a> well as with interna? 
fold> and overturns. Where this i^ !■ iMid t" be true there stand con- 
tracted witli tlie ph'jnoniena of ten>i<»n — fracture and sinking in upon 
the back side— conipre>>ion witbii. il;e circmn^cribed area of the zone 
iA ov 'rturniiiLT. and lienor tbe iTnpli\e r^ok^ I'.re usually connected 
with the former. 1 h:i\j clsewlure -h-'wii* 'hat the Tsin-Ung-schan 
( T-in-linij: iiinnniains) .:.\r< it> -iriiiin i<> such a movement directed 
fr. in north li> souili. and. alth-'imh the •Mf^v.N.'iu (<''"'" ^^ ^" this case 
l.'.ekiiii:. tlie plieiionkiia incnii .ik(' arj e;isi!\ rec«.)j?nizablfe upon the 
n.'!ih >idv. 

b. Of th.e eres.-ii't form- whiiOi are liere under consideration, not 
.'1' ■ V f i!'.-v' wliieh hi- ti. the TiDriii o," tlu; Ts'ii-liiy^-schan (Tsin-ling 

w. ':..■•> I ;'.:)pi-;ii> !.• hi\r ih»- jiri-pe: f.c-> of .•. fi.Id orescent. So far 

..> . ■■-i •■• .;t'..:i- .'U- :;l ii.;ii-! nuy .••inii.r! ;i ^ i.. oonoludc that not coni- 
j.^i"-;'. \ --.w iior.i '\it!-.!i .'i:i\\i:u hv. - r. !hv "iIkt hand tensionnl 

! ".v- \\"-.v-"- .;'.^.;.,' !■ -i; \]'^ >•.]] S'l'- lie M lliO basis of the fault 
'a \ i . ■••■:.«. -'1 >',i ;• tU I'U'--'- '1'- . v.hivh \\f om prove in many cases. 
;'.\: '-■ ".' * - . •.■ f^ '.( !.-i-'i' I -!•.:, w Wm ;i> always in the realm 
■ \ : :■■ •. v/.vii •• v---i'- ■• ■: -I ■'.•mo".: plateau may h"e at 
•.'« •'••.' :i r. 1 !'-.- -:>^ •>\ t \i.'\:i.;!ion is always, so 

; -. ■ ^ •. ! • . .■•• i\' 'y'-.r.^ portion along 
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a fault plane which is steeply inclined outward, while a forcing up of the 
beds or an overturning has in no case been observed. 

Tliis holds for both components of the crescents. I -think it may oe 
concluded from this that the meridional faults point to a tendency of 
the eastern foreland to give way toward the east in the direction of 
the Pacific ocean; the equatorial faults to a similar yielding toward the 
south in the direction of the Tsm-ling-schan (Tsin-ling mountains) and 
its eastern continuation. To this doubled tension and ilie depression in 
consequence along two lines which meet under an obtuse angle may be 
ascribed the crescent-like sinking down in steps of the areas lying with- 
in the obtuse angle of the border of the orographic blocks which remain 
stationary. 

In accord with this explanation are two other phenomena. 

One is the recurrence of parallel faults of the same kind (same sense) 
in the rear land of the step-crescents. They appear to be more rare in 
the north and to increase in the breadth of the zone affected by them and 
in the nimiber of faults as they approach the Tsm-ling-schan ('J'sin-ling 
mountains). They point to regional control of extensions of the same 
kind dependent upon tension, which was relieved along certain lines, 
but which all fall in significance far behind the chain-like line of crescents 
within the great transcontinental line here considered. To the j)henonie- 
non of the parallel faults alone attention will here be directed; the ques- 
tion of the recurrence of crescent fractures of the same sense with the 
easicrn foreland being left untouched. 

The other phenomenon has to do with the occurrence of the erup- 
tive rocks. They occur in those places where, in the case of the develop- 
ment of folds by overturning, they should be lacking, viz. ; between tiie 
subordinate steps (Theilstaffcln) and in the outer margin of the cres- 
cent shaped marginal zones. In reference to the first mentioned oc- 
currence it is sufficient to refer to what was said of the north Chinese 
and Daurian ranges ; resi>ecting the latter, the volcanic rocks may be- 
thought of as on the Okhotskian slope of the Aldan range, on the east 
side of the Kliingan, from Mergen to Mukden, on the outer margin of 
Liau-hsi (Liao-si), and in the embayment of Pekin. That they (>ccur 
also upon the rear of the crescents, as on the southern border of Mon- 
golia, and at IVitifn (Vitim), can only confirm a widely extended control 
of tensional forces of the sj»me kind. 

c. To the southward of the Tsin-ling-schan (Tsin-ling mountain:^) 
the observations do not suffice for the formation of a definitive verdict 
For the meridional lauks the explanation probably holds which w? i 
offered for the northern fractures of thi> kind. They cut through an 
old folded structure under an acute anple, and there is no indication 
present of a pushing forward of the upper limb ovct the lower or of a 
folding in perpendicular direction upon the line of depression; it can 
surely not be denied that eruptive rocks are not known along the latter. 
The equatorial lines on the >ouih side .)f Kwci-tscluni (Kui-chau) and 
Yunnan (Yunnan) appear none the le^^^ to be different from those of 
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■ -. •■-ow.-,». V, h'-fiuT in them a pushing t-j-a— ri ' -t '• "- 
■' *i. sr^f h#- >]jowfi aitiT more exact invcstis 

• ■ ■ • .,-. ,r I- ;i'4'- nt tlu: friult «in:ci::r-i met"- - '.~: " 
■ ■ .-* - .'. I"'r#- tl.<' t^colo>'ical chrr.nol>^y c: c r.'t:'-. 

■ •- -s ,:. ' i«- l.,riii«' r»i in.'irinc deposits of a?e >:-j"2tr :■ ■ 
\].f t/i»,'^\ .I'linicf.ts end for ihe most parr •*::- •_■ 
! ', .',!•;■ fl't'Tinin.iiJons the fresh water d-c*:?::: :: 

I '. •:. ;ri hj> profound work upon the as>iiimeTr>- f 'ir 

s ' r' . vJii' fi roinprcNNCs great results into smal! crmji??. 

,? \.\xa i;i«i' f'.jd-., •'O far as it concerns Asiatic >■:■:!. •*!: 

. .,-' < fr.'.ri;in tifn--. tli" compiction cf its form, ho.veve- 

, , '•, I'r'.^Tv tiMir. 1 his Imlds for the broader •■i::!:r:e ' 

'r.,':.* , hut i. not, !if)\vever, immediately applicable:. 
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r;E (;k the Missouri river. 

r.r '.Vanmkn Cpiiam, St. I'aul, Minn. 

'..' * A /',',« I r<| the area of the Plains during- the Cre- 

^ >. '/ ',*:'jA. tnirlijn^ fmin the ( iiilf of Mexico n-.'^rth- 

■ .:-': '• r',:;'li i!i' I iiifrd Slates and far into Canada, perl^aps 

' \:'t;' '.'«aii. willi its eastern shore crossing" Iowa and 

r ;.:.■ ',f;i.I it \. evident that the Missouri and ^lississipp: 
r .*: ' ;!!;n'.t \^* ii.nie ;ni(ient than the Tertiary era. 

^/T-at ri',er. iind"nhtedl\ tlowt'd into this Cretaceous sea 
:■",:.. ^);' 'at. hiit we can seareely trace their courses or Ollt- 
'.. ' '".'M ha in ^. It n■ln-^ in<»si pr* )l)al)le, however, that one 
',: ?'.' 'hi't' ii\ei ^vsteni- ')i' that lime coincided with the 
:,:' Mit 'ji*-^ ni" the <iieat Lakes tril)utary to the St. Law- 
:•:.''-. li'H di'(liaiL;e.l it> \\at<■^^ westward, opposite to the 
;.:• ■ :.; dir'<ti.in. Xn'.ilur lai\i.;e rivi r may have brought its 
*:.•. '• y.\ d«tiitn- i't< Hi the ana <f llnds«in hay and the Xel- 

'II t"\-.T. il-. :1')\\ 1)«"!nL;' >iniiiari\ ll:e reverse of the present 

In till- rei'iiii "f the t )hi'> river many ehanj^cs of drainage 
]:;iv. '.al .11 jii.rr \\\ r .nn''';'"n ■■■.'>!i 'J'e c«'ntincntal glaciation, 
ri. jnad-' li!.''.Mi l--.' -i-.die- he-m-, i\\<ntyhve years ago by 

■• Sit/, a. ;:. M;.ia. ■: \\ ?v»-. /m Wvw.. \\.\\\\ -N:-i. CI.. vol. 107. p. 94>, (1900). 
: -^o'- tin' 1 i-.» '.rfic '•.!.■.: r-'if. i ' •' -his »;oti'"--, .\MIK. OKOLOOIST, TOl. XXXIT. 

I J.. .•■r,-:-.'». Inly, : '"»i. 
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Carll in Pennsylvania and since continued and extended bv 
Spencer, Foshay, Chamberlin, Leverett, Tight, and others.* 
The upper waters of the Ohio are now known to have flowed 
in preglacial times into the Lake Erie basin ; but apparently the 
drainage thence passed westward, as before noted, being thus 
tributary to the Cretaceous inland sea, presumably by the way 
of lake Superior, and afterward to the Tertiary river which 
is now the Mississippi, reaching it probably by a route nearly 
coincident with the Illinois river. 

The lower part of the Ohio river basin, with the tributary 
Cumberland and Tennessee basins, may have sent its waters 
directly to the western Cretaceous sea, flowing across the 
country traversed by the Missouri river below Kansas City; 
but with the inauguration of the Mississippi river, during the 
Tertiary era, that trunk stream must have received important 
branches from the lower parts of these two great basins, the 
Ohio and the Missouri, nearly as today. Even in the Creta- 
ceous period, too, it is perhaps more probable that the lower 
Ohio and the lower Missouri from Kansas Citv^ eastward, 
with its continuation in the course of the Mississippi, both 
emptied into the Cretaceous ocean near the site of Cairo, Il- 
linois, at the present mouth of the Ohio ; for so far northward 
extended a great embayment of the Atlantic during the Cre- 
taceous and Eocene periods. 

With the epeirogenic uplifting of the Plains from the sea, 
near the end of Cretaceous time, and the contemporaneous 
folding and upheaval of many ranges of the Rocky mountains, 
there ensued very abundant estuarine, lacustrine, and fluvial 
deposition, of partly brackish, but mainly freshwater beds of 
very great extent and depth, often including layers of lignite, 
overlying the marine Cretaceous series. In the Dakotas and 
Montana and northward, on the country of the upper Missouri 
and the branches of the Saskatchewan, these beds belong al- 
most wholly to the latest Cretaceous stages ; but southward, in 
Wyoming, Nebraska, Colorado, and Kansas, they extend on- 
ward from the late Cretaceous to the Miocene and Pliocene 
periods. .Their material has come chiefly from the erosion of 

it * The latest and most complete discasKion of the complex history and 
dcYelopment of the Ohio river ayntem has been given by Frank Lkvkrktt in 
Monograph XLI^ U. S. Oeol. Survey, "Glacial Formations and Drainage 
Featnres of the Brie and Ohio Basins," 1902. chapter iii, pages 82-219. 
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the nK/uTitain ranj^es on the west, and secondarily from erosion 
aiKj n-■'^^-^>^si!i^n of the very thick beds first so spread ou: en 
the \v« M< rii V.r^!«'rs nf the Plains, adjoining the mountain?. 
Kstuar:r.« r',n'Jiti<,n> are indicated here and there, though not 
j^<m<rrally. in t]»<- Laramie formations, terminating Cretaceou5 
an'i M4',-ozr,io linu- : hut the j^reater part of the Laramie and 
ali ^f The 'Jertiary formations are freshwater deposits. 

Manv i^eol' e^i^t> have ascrihed these ver\' extensive fresh- 
water ])<:<U to ^<:di^u•nlati•^n in vast lakes. Prof. W. AI. Davis 
ha>. shown, however, that the physical characteristics of these 
format ir/ii'^. as well a> their fossils, indicate instead that rivers, 
meamierin^ in variable courses, and in their seasons of flood 
^j;readin^ far and wide, were the a^^^cnrs of deposition, bring- 
inj^ the sediments from tlie ever progressing erosion of the 
mountains.* 

'J h<- alternations of j^ravels, sands, and clays, with frequent 
rro'-^-b( ddinj^ and Kx'al unconformities, in the deposits that 
hav«* been ^npjjr>si(l to belonj^^ to the central parts of lar^re 
lakes, an- evidently more accordant with the explanation of 
th<'s<* ar<a^ as ilotjd-plains of rivers. Shallow playa lakes of 
mod'-ratc extent undoubtedly existed temporarily in manv in- 
cU^sed basins, and on some areas occasionally large and deep 
lakes may al'so fnr sonu- time have received sediments from in- 
tlrAvin;^: riv< r> and from shore rrosion ; but the view* presented 
by Davis, that fluvial dejjosition accounts for the far greater 
jiart (>\ these latt; Crctacccjus and Tertiary beds, seems most 
acc<'j*tah]c. 

l"ollo\N ui;;- the (|ei)f»siti(;n of the e.\tcn>ivc and thick Lara- 
mi<- strata on the Plains through whicli the Missouri river 
flows, a dcptli varyiniv from 300 to 5.()iX) feet (increasing 
from east to urst ) cf thev and the underlying Cretaceous 
brd- was eroded b\ rains, rills, brooks, and widelv wanderinsr 
rivers, redju'in^ this rei^iou mostly to a ])ene])lain. The ver- 
tical u|)lift ab(;v(' the sea level, and the concomitant and subse- 
()ucnt dcjitli of denud.'iti'iii, wearing' <lown the uplifted land 
until \\< surface was a.uain mostly near that ultimate baselevel. 
are lueasiued fr-im «)ccasional irr^jups of mountains , and hills 

* /'ro4C«*'//7jA'vS, Am. Ac;i(lcniy ol' Arts .nul Scicncva. vol. zxxt, pp. 345-373, 
March, I'jno. Am. (;KfH.()(;isT. vol. xw.p.HlS. Miiv.T.tOO. See alao an earUA- 
imp'Tlanl papiT hearing on Hits qncstion, by W. I> M a TTHKW. Am. Natvm/#9t^ 
viil. xxxiii, pp. +03-i08, May, T^i>*.>; Am. Oeologist, vol. xxiv, pp. 260>35l, 
Oct.. 1809. 
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consisting partly or wholly of the nearly horizontal strata, 
spared from erosion while all the surrounding country was 
being bascleveled. Such are the Turtle mountain and the 
Crazy and Highwood mountains described in my last fore- 
going paper. 

The Hand hills, in eastern Alberta, and the Cypress l:ills, 
in southwestern Assiniboia, are similar high remnants of the 
Cretaceous strata, rising 1,500 to 2,000 feet alx)ve the sur- 
rounding Plains; but they also show, al>ove the Laramie and 
other Cretaceous formations, a capping of Miocene conglom- 
erate, sandstone, and sandy clays, of fluvial deposition. It 
cannot be doubted, therefore, that Miocene deposits, somewhat 
like the Miocene and Pliocene formations in Wyoming and 
Nebraska and southward, once had a considerable development 
throughout the Canadian part of the Plains ; and it is also evi- 
dent that, since so comparatively late a stage in the Tertiary 
era, a vast amount of denudation las taken place there. It thus 
seems vcrv sure that likewise much of the denudation on the 
adjacent region of the Plains drained by the Missouri river 
belonged to the late part of Tertiary time. It progressed prob- 
ably through nearly the whole of that long era, completing the 
bascleveling, so far as that was attained, near the end of the 
Pliocene period, the Plains through most or all of their extent 
being then worn down to only a slight elevation above the 
sea.* 

Stream deposition had been very abundant, widely ex- 
tended and deep, during the early part of the time since the 
original uplifting of the moimtain ranges and plains drained 
by the Missouri river and its tributaries. During the latter 
part of that time, until the end of the Tertiary era, the Plains 
underwent great denudation and a general bascleveling, which 
apparently coincided, as to both beginning and end, with the 
Tertiary or Somerv^ille cycle of partial bascleveling which 
Davis and Wood have studied in Pennsylvania and northern 
Xew Jersey and believe to have affected a large area of the 
other eastern states.! 

• U.S Geo!. Survey, Monograph XXV, 1893, "Tlic Glacial Lake Agaasiz," 
pp. 81-107. 

f National Geographic Magaxine, vol. i. 1889. pp. 183-253; toI. ii, 1890, 
pp. 81-110. Proceedings, Boston Society of Natural History, vol. xxiv, 1889, 
pp. 365-423. 
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-V ;r.;i*:on fti the cvcle of abundant tlu\^al det:^:.5::::i 

' ■ - ■ :; T',-.ion upon our jii^rcal western Creiaccic? area. 

f-.u: ' '-,>'/[ qir-ir^'^cnic uplift to unciergo the er«:5:on c: 

;-.^ r .'4.; ;«.-/! r!;it Rf-rl river valley along its eastern n^ar^-l^ 

:- .' - '■/>., *.'orth Dakota, and Manitoba, were prohab'.y 

i •, rr ":.':>•' >THur()Us with the great epeirogenic movemer.: 

' ;:;:forriJa, according to Mr. J. S. Diller. ended a 

,f '/?;-'i'v*ling that had extended through the whole 

.' •;{.'/:•. ;irjd 'Jrrtiary time, and raised a part of that 

/-, -r , 'V : f\:\r']ti at the beginning of the Quaternary era :c» 

' /" '. ' !of*; Sj/rra Nevada." Again, a similar record cf 

.r y ■','.*,,, 'u-f\ bas*'!ev<*ling, followed by uplift and a new 

\' " -f r;fpid vall'-y erosion, is found by Powell and Diutcn 

.-■ *;y :/;f*';ui-. and <^jrand ( anvon of the Colorado river, v 

:,:,.''• *;j'- <.^r*at changes oi drainage which have formed the 
'",'.'. r..'r, -o I think the Missouri river also to have been 
; ;:';• ''.::. |/>-.it^Iy, and to have t.'iken its present course, since 
•r ' ^r.ii^'ru'Ary era began, with its general epeirogt^nic eleva- 
*.'.:. ',r ri'i'- gre;ifrr part of North America to an altitude 3.000 
*'/ ' f//> f^'t higljcr than now. which led to snow and ice ac- 
' ::;.;!;«tion ami the prokjugcd glaciation of the northern half 
'.f t'-i:-. rr,ntiiir-nt, excepting Alaska. This opinion was first 
r'-;rii"l by ('icu. (]. K. Warren. i' and has been more amplv 
rMs-.id'-r^d and stated l)y I'rof. J. \\. 'r<xld.§ The continental 
'y*- ']\(f\ tiirmd aside the river> of the northern part of the 
l'i;fin-, d<fle(titi;^' the 'j'ertiary ])redocessor of the Missouri to 
th'- v.e-t and south from it> nrei^lacial course, which niav 
f!;iv'' orciipirrj a part of the valley of the James or Dakota 
rivr, iH-.'irly })arall<-l with the Missouri of today, or which per- 
haji". f.'irfher north ])a.sse(l eastward lo the most southern bend 
of th<- S"nris river, or to the Siu'vcnne and Red rivers. Pro- 



•t.'<.iiri}I.Stnviy, lii^hth Anmi.il Kipi»ii. pp. 4-L»8-+32. Compare also 
nrfi«J^s bv PKdi. Iohpimj Lici'on m:, /Ii/j. ./.»f;r. N( ;.. thir(l series, toI. xix. pp. 
17'. l'.»'). M.-iiih. 1HV(,; vol. .x.xxji. pp. H.7-l*^l . Sipi . 1S86; rol. xxzviii. pp. 
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fessor Todd finds also in the topography of that region evi- 
dence that in preglacial time the great tributaries coming from 
the west to join this part of the Missouri, namely, the Cannon 
Ball river, the Grand and Moreau rivers, then united, the 
Cheyenne, and the White river, flowed east to the James val- 
ley; and he is inclined to believe that from that valley the 
great stream formed by these affluents passed northeast to the 
Red river of the North and Hudson bay. 

In this view I very heartily concur, as a good confirma* 
tion of it seems to me to be afforded by the contour of the 
Coteau des Prairies, lying between the Minnesota river valley 
and that of the James river. Rising very gradually, without 
definite boundaries southward in Iowa and the southwest 
corner of Minnesota, this massive highland runs north-north- 
west to a high termination, called the Head of the Coteau, like 
a promontor}-, between the James valley on the west and the 
continuous and broad Minnesota and Red river valleys on" the 
east. I attribute this form to preglacial stream erosion, when 
two great rivers here united, flowing northward. The western 
stream may have been the ancient Missouri river, while the east- 
ern probably drained the upper part of the Mississippi basin, 
deriving its most eastern and southern waters from parts of 
Wisconsin and the northeast corner of Iowa. According to 
Hershey, the preglacial divide crossed the present course of 
the Mississippi somewhere between LaCrosse and Dubuque.* 

The erosion of the present valley of the ^lissouri river, 
from where it leaves the mountains to the mouths of the Nio- 
brara and James rivers, ranging below the Great Falls from 
one to ten miles in width and from 300 to 600 feet in depth 
cut into the general surface of the plains, may be ascribed 
wholly or chiefly to the work of this great stream siiKe the 
culmination or Kansan stage of the Ice age, probably 50,000 
years or longer ago, when the drift thinly overspreading the 
country along the course of the river was deposited. Only on 
the east side of the river at various places in South Dakota is 
its valley touched by the border of the much later drift sheet 
spread during the moraine-forminv^ Wisconsin stage, near the 
end of the Glacial period. 

• "The Physiographic DcTclopment of the Upper Mississippi Valley," Am. 
GbologisT, vol. XX, pp. 246-268, Oct., 1897. 
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'vy >yfjj( a time have the Missouri and its tributaries been 
i: 'A';rV.. with a j^^xxl rate of descent, eroding the mostly sort 
<,r*rViLr':',xih strata, in an unceasing task estimated by the pre?- 
rri: writer as seven to ten times longer than the postg^lacial pe- 
ri'y; ^inc<: the ice-sheet melted away from much of the area 
<.f !vr:i/j and \^>rth Dakota, from Minnesota, Wisconsin, and 
xr.*: rii'/raine-inclosed part of all the northern states and of 
^J^rja'ia- f'ut through a still longer time, ever since the early 
^jiat'-rnary uplifting of the Plains from their low baselevel- 
:n;^. tliat is. probably 150,000 years, more or less, have most 
of t/j'r large streams outside the glaciated area been cutting 
Oown their valleys. 

What some of these streams, with their branches and ad- 
j^/ining sjjrings, have accomplished in sculpturing- picturesque 
and almost indescribable chasms, gorges, and ravines, is the 
sc'Tiic and geologic wonder of the Plains, the widely famed 
*'f/ad I^nds" ( Matn-aiscs Tcrrcs), so named by the early 
Fremli fur traders and trappers, because of the difficulties of 
traveling through or across these wildly and fantastically 
eroderl tracts. 'Hiis frecjucnt phase of valley erosion under a 
M/mewhat arid climate is perhaps best displayed along the 
Little Missrniri river, in the west part of North Dakota. It is 
W(rll seen on a width of several miles in the vicinity of Medora. 
where the Xorthern Pacific railway crosses this valley, and al- 
so along all tin- ccnirse of this stream far to the south and 
north of the railway, to its union with the Missouri river. The 
weird efTects of the forms of erosicm are further enhanced here 
by the bright red color of some of the beds, and in numerous 
places by jet black lignite scams. 

Twenty years ago Theodore Roosevelt had a cattle ranch 
in lliis valley a few miles south of Medora, and ranged in his 
hunting'' excursions over all parts of these r>ad Lands and the 
adjoining plains. His (lescri])li(Mi of the vallev sculpture, in 
"Hunting Trii)s of a Ranclinian," may well close this paper, 
as fc»llows : 

Our vnww l;«y tlir"iiL!;li the licirt A tlio Had Lands, but of course 
the country was not cc|iip.lly nHipii in :ill part*^. There were tracts of 
%'aryini^ >iz.. cai'li C'vnvd witli a tan.<^ictl nia-;.s <"»£ chains and peaks, 
th'-- biittCN in ij!.iol*> i\-aoIiin>i a hu^'i: :liat \V(t;;hl in the East entitle 
tliem to 1k" calK'<l ninn!Uain<. }•> cry >ik1i iract \va«i riven in all direc- 
tions liy 'Ic'jp clii>nis and narr w ra\inc>. wlii -c <idcs sometimes rolled 
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off in gentle slopes, but far more often rose as sheer clilfs, with narrow 
ledges along their fronts. A sparse growth of grass covered certain 
portions of these lands, and on some of the steep hillsides, or in the can- 
yons, were scanty groves of coniferous evergreens, so stunted by the 
thin soil and bleak weather that many of them were bushes rather than 
trees. Most of the peaks and ridges, and many of the valleys, were 
entirely bare of vegetation, and these had been cut by wind and water 
into the strangest and most fantastic shapes. Indeed it is difficult, in 
looking at such formations, to get rid of the feeling that their curiously 
twisted and contorted forms r.re due to some vast volcanic upheavals or 
other subterranean forces; yet they are merely caused by the action 
of the various weathering forces of the dry climate on the different strata 
of sandstones, clays, and marls. Isolated columns shoot up into the 
air, bearing on their summits flat rocks like tables ; square buttes tower 
high above surrounding depressions which are so cut up by twisting gul- 
lies and low ridges as to be almost impassable ; shelving masses of sand- 
stone jut out over the sides of the cliffs ; some of the ridges, with per- 
fectly perpendicular sides, are so worn away that they stand up like 
gigantic knife blades; and gulches, wash-outs, and canyons dig out the 
sides of each butte, while between them are thrust out long spurs, with 
sharp ragged tops. 
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T/y ''^r^I'ivirian of Indiana is merelv the western extension 
',: •?»': ^ ^nlovician of Ohio. It presents the same divisions 
•kuf\ ^uh^'Ii visions, contains the same fauna, and was dejx)sited 
''.xAcT clo^i^rlv similar conditions. 

'\\\t: following:; subdivisions were proposed by Mr. J. M. 
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J. diminution in Thickness of rtica, Lorraine, and Rich- 
nnnul soutlizivnl. 

All of the major (Iivi>ions and in<ist of the subdivisions di- 
minish in thickness, from the more northern exposures in Ohio 
and Indiana, M.inthward. In the ca^e of the L'tica, this di- 
minution in thickness cannot he estal.)li>he(l within the areas 
e\j)osed in ( )liio and Indiana; however, the entire absence of 
the Utica in .-.oiuli-c(ntral Tennessee, in ik.e area included be- 
tween ('olnml)ia, ( entreville, and I'rankHn, suggests that this 
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diminution in thickness begins much farther north than Ten- 
nessee. According to Hayes and Ulrich*, the Utica is absent 
in the Richmond and London quadrangles on the eastern side 
of central Kentucky. Recently Dalmanella multisecta has 
been found nine miles north of Richmond, at Clays Ferry, in 
beds overlying strata referred to the top of the Trenton. 

The Lorraine diminishes in thickness from 290 feet in the 
neighborhood of Cincinnati to 260 feet near Madison, Indiana. 
In south-central Tennessee, its thickness does not exceed 100 
feet. Along the Tennessee river, at CHfton, a section, three 
and a half feet thick, may belong to the top of the Lorraine. 
It contains Dinorthis retrarsa, a species formerly believed to 
be restricted to the Warren bed, but this fossil has been found 
recently in Indiana also in the upper half of the Waynesville 
bed. Elsewhere in the Tennessee river valley of western Ten- 
nessee the Lorraine certainly is absent. 

The Richmond diminishes in thickness from 300 feet in the 
southern part of Franklin county, Indiana, to 115 feet at Mar- 
ble Hill, 60 miles southwest. In central Kentucky, much thin- 
ner sections are known. *In southern Tennessee its thickness 
does not exceed 40 feet and averages about 20 feet. 

3. Diminution in Thickness of the Subdivisions of the 
Lorraine. 

The diminution in thickness of the Lorraine is accompan- 
ied, of course, by a diminution in thickness of certain of its 
various subdivisions. 

No decrease in thickness is noted in case of the Bellevue 
and Warren beds within the limits of Indiana. The Bellevue 
bed is the chief Platystrophia lynx horizon of southern Indiana. 
At Cincinnati, where Platystrophia lynx is rare at this horizon, 
the thickness of the Bellevue bed is about 20 feet . Near Mad- 
ison, in Indiana, its thickness varies from 20 to 24 feet. South- 
ward, in Kentucky, the lower Platystrophia lynx or Bellevue 
bed forms one of the most constant horizons. The Warren 
bed has a thickness of 61 feet at Lebanon, in Ohio. At Mad- 
ison, in Indiana, the thickness of the Warren bed certainly 
equals and probably exceeds this amount; the distance from 
the top of the Mount Auburn layers containing Platystrophia 

♦ Folio 95, Columbia, Tenn., 1903 . 
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lynx and ^Cocloclcma owcni t<. tlie top of the Lx>rraine is 77 
feet, but the lower part of this interval does not contain diag- 
nostic fossils. 

At Cincinnati, the Mount Hope-Fainnount section has a 
total thickness of about i ^o feet. In southern Indiana, be- 
tween Vevay and BrcK^ksburg, this thickness averag^es be- 
tween 90 and 95 feet. The occurrence of Strophomcna plan- 
ieofwcxa, Hebertclla sinuata, Plcctorthis pUcatella, and of the 
small Mount Hope fomi of Platystrophia, species first seen at 
the base of the Fairmont Ited in C>hio. near the base of the 
Lorraine section in southern Indiana suggests that the consid- 
erable diminution of the Mount Hope-Fairmount section 
southward is due chietlv to the thinning of the Moiint Hope 
bed. 

At Cincinnati, the thickness of the Corryville bed is esti- 
mated at about 60 feet. At ^^adison, in Indiana, the base of 
the Mount Auburn layers containing Platystrophia lynx and 
Cocloclcma 07i*eni is 80 feet below the top of the Lorraine. The 
top of the Bellevue bed is between 130 and 134 feet below the 
top of the Lorraine. Bythopora i^ra'cilis and Callopora ramosa 
characterize the section up to 90 feet below the top of the 
Lorraine. The strata intervening l)etween this level and the 
base of the upper Platystrophia lynx layers, known to be of 
Mount Auburn age, consist of nodular limestone and clay of 
unknown age. The thickness of the Corryville bed at Madison, 
therefore, can not exceed 54 fet t, and possibly may not exceed 
44 feet. At Lebanon, the thickness of the Mount Auburn bed 
is estimated by Mr. J. M. Xickles at al)0ut 20 feet. At Madi- 
son, only three feet can be definitely assigned to this bed, al- 
though the underlying, doul)tful section, 10 feet thick, also mav 
belong to this bed. 

A: I'redericktown, Kentucky, seventy miles south of Madi- 
son, tlu' \K^\^ oi the great PlatystroMiia iy)ix bed, presumably of 
l'el](.\ u<.' ago. is ab(Uit «j() feit l)eluw the top of the Lorraine. 
Xr.'M^'^/,\v;:t'/(\7 pJauici^nriWd occurs 107 feet below the top of 
the i'i.jtystr.phia !y)ix WA. This indicates tlie continued thin- 

' \'. : I., . . * ::r.s moiit '.•^':« t] in this |).Mi»«>r \v<'it' i.l-Mit iti«Ml by Mr. R. S. Bass- 
If-v 1 : «v.- i»l«! : i .» n; i«>n«« in :»<Mlii«'ii i.» nuiny i>Oi«'i->> form the tmsls of the 
?:;.■■." :u- ; -'Liv- ^. . \\ 'i k ii.-'r »l«'>< i i'>o'l. '\ \\<- \\ti(»>r M^'sir-'s to express his g^eat 
rtl.c;.'; V'N :"» .■ 'U-- i;\\.''--- i.^ti\'Ml. .\lMm:.:l\ nni-'li more abundant coHec- 
; i.i.v ■ ..v^- > :. I- nr.<'-^-i'> !«' »lri (Mjuip" ' \\o i\i\i '. limits of the Tarious 
5f::Nli^ .v.-i."* wi \\u\\i\\\i\. Mu» i>.t'«»«ni imijh r i> uf^i-nd n:< a contribution pre- 
iln.i:i;»:} ;«• ^snih uu-io »l«^:nll«M singly. 
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ning southward of the upper beds of the Lorraine, but suggests 
very Httle change in the thickness of the Bellevue-Faimiounc 
section between Madison and Fredericktown. In south-central 
Tennessee, the Lorraine section, 100 feet thick, includes the 
Fairmount, Bellevue, and Corryville beds; with Platystrophia 
lynx in the uppermost beds. 

4. Diminution in Thickness of the Subdivisions of the 
Richmond. 

While there is no doubt of the considerable diminution in 
thickness of the Richmond group as a whole, from the more 
northern outcrops in Ohio and Indiana southward, the relative 
diminution of its different subdivisions can not be determined 
definitelv until their characteristic faunas are better known. 
However, in the mean time, a number of very suggestive ob- 
servations, connected with the interval between the base of the 
Hebertella insculptalsLyer and the base of the Waynesville bed, 
also with the interval between the base of the H. insculpta lay- 
er and the base of the beds at present referred to the Madison, 
will prove of interest, especially in view of the fact that the 
base of the Herbertella insculpta layer has been proposed as 
the base of the Liberty division of the Middle Richmond. 

a. Intervals betzveen Hebertella insculpta layer, base of 
Waynesville and top of IVhitezvater beds north of Madison. 

Comparatively little variation is noticed in the vertical di- 
mensions of the interval between the base of the Hebertella /«• 
sculpta layer and the base of the Waynesville bed between Un- 
ion county, Indiana, and Madison. This interval amounts to 
about 83 feet at the localities west of the home of William 
Bauman on McCarthy creek southwest of Brookville; about a 
third of a mile above the mouth of Pipe creek; southeast of 
Cedar Grove on the road to South Gate ; and north of Hogan 
creek on the road from Moores Hill to Holman. Along Silver 
creek in Union county the interval is probably equally great, 
since the exposures of the Waynesville bed opposite the home 
of Robert Martin equal 64 feet without exposing either the 
Hebertella insculpta zone or the base of the Waynesville bed. 
Southwest of Friendship on the road crossing the southeastern 
corner of section 13, also two miles southeast of Belleview on 
a road crossing Indiankentuck river, this interval is 70 feet. 
Southeast of Belleview, the thickness of the Richmond is 166 
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feet and the interval between the base of the Hebcrtella insculf- 
ta layer and the Clinton is 96 feet. Along the railroad at Mad- 
iv^>n. the Lr>cke level measurements for the thickness of the 
Richmond are 170 feet, and the interval between the base of the 
Hebcrtella insciilpta layer and the Clinton is 85 feet — ^both along 
the Canaan road two miles northeast of Madison, and alon<^ 
the Hanging Rock road at the northern edge of the city. Mak- 
ing full allowance for errors due to Locke level reading^s and to 
dip, a local increase rather than a diminution of the inter\*al 
between the base of the H. insculpta layer and the base of the 
Waynesville bed is suggested. South of Madison, HcbcrteUa 
insculpta is unknown. 

The interval between the base of the Hebcrtella insculpta 
layer and the top of the Whitewater or the base of the Madison 
bed, on the contrary, diminishes rapidly southward. Half a 
mile southwest of Cedar Grove, on the road to South Gate, this 
interval is 140 feet. Dinorthis subquadrata has a range extend- 
ing from 10 feet alxn^e the l)asc of the Hebcrtella insculpta 
layer to 150 feet above the same. The exposure was divided 
into vertical sections of 10 feet, and in each oi these Dinorthis 
subquadrata was f(jun(l. The rubble limestone overlying" this 
Dinar this section is referred to the Madison bed. At \'er- 
sailles, the interval between the base of the Hebcrtella insculpta 
layer and the base of the ^^a(lisf)n bed layer is 61 feet. The 
base of the low("st massive Tcf radium layer is taken as the base 
of the Madison, although Coluninaria ah'colata is found oc- 
casionally al)Out a ff.)Ot beneath this Telradium layer. Two 
miles soiitlu-ast of lielleview. HcbcriclUi insculpta occurs 44 
feet below a Colunniaria aJ'rcolata layer. At Madison, along 
the lian.Li^injL^ J<ock road, a few jxnir specimens of Hebcrtella 
iuscidi'tii were found loose about 31 feet below the lowest Col- 
umiiiiria ah-C(>!ata bed which lu-re forms the base of the Madi- 
son. This is ])rol)ably the true linriznn iov Hebcrtella insculp- 
ta, since ihe lowest s|.)ecimens i^i I^'nioriJils subquadrata at this 
localit\' (HX'ur ab'.'Ut jS feet hi'Inw tlu* lowest Columnaria laver, 
and .since in that case the inierval l.u'twecn the Hebcrtella in- 
sculpta lavi.T and the Clinton w^'iiM l)e S5 feet, an interval 
l.nown to occur along" ilie Canaan road two miles northeast of 
Mad;sf>n. 
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South of Madison, HebertcUa insculpta is unknown. Cer- 
tain facts, however, suggest that some opinions may be formed 
as to the variation in thickness of the southern extension of 
the intervals between the base of the Hcbertella insculpta lay- 
er, the base of the Waynesville and the base of the Madison 
bed, notwithstanding the absence of Hcbertella insculpta. 
These facts are as follows : 

b. Thickness of Hcbertella insculpta layer. 

In Franklin county and at St. Leon in the northern part of 
Dearborn county the Hcbertella insculpta layer has a thickness 
of seven feet. Northeast of Moores Hill on Hogan creek, also 
two miles east of Cross Plains, it is five feet thick. South of 
Cross Plains it diminishes rapidly in thickness. Its thickness 
is only 1.5 feet three miles southeast of Cross Plains in the 
northwestern corner of section three, and at most points in the 
northeastern part of Jefferson county. Farther south, careful 
search often is necessary to secure specimens enough to make 
the identification of the Hcbertella insculpta horizon certain. 

c. Interval betziren Hcbertella insculpta layer and base 
of Dinorthis subquadrata zone, 

Dinorthis subquadrata entered the field later than //. in- 
sculpta. The base of the D. subquadrata zone usually is sep- 
arated from the top of the H. insculpta layer by a short inter- 
val. At the north this interval apparently is greater than at 
the south. Thus at St. Leon, the lowest specimens of D. sub- 
quadrata occur about eight feet alcove the H. insculpta layer. 
Farther south the interval is five feet ; for instance, in section 
3, three miles southeast of Cross Plains, on the Poplar 
Ridge road three and a half miles south of Cross Plains, in the 
southwestern comer of section 19 six miles southwest of Cross 
Plains, two miles northwest of Canaan on a branch of Indian- 
kcntuck, and two miles southeast of Bellcview on a road cross- 
ing Indiankcntuck. Two miles east of Cross Plains the inter- 
val is 3.5 feet. Two miles northeast of Madison on the road 
to Canaan the interval is only two feet; this appears to be the 
interval also at Madison. 

d. The Vertical Range of Dinorthis subquadrata north 
of Madison, 

Half a mile southwest of Cedar Grove, on the road to 
South Gate, Dinorthis subquadrata has a vertical range of 14a 
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feet. In the southern part oi fcpiey and Dearborn counties 
no sectirms arc known in which the range of this fossil equals 
40 feet. At Versailles, its range is 20 feet. Two miles east of 
Cross Plains, it is 15.5 feet; a single good specimen of Calo- 
poecia cribiformis was found in the upper third of the D sub- 
quadrata zone. Two miles northwest of Canaan the range of 
Dinorthis subqumiriUii is 26 feet. At Madison its range is 
about 10 feet. 

From these data it may be seen that the vertical range of 
Dinorthis siibquadraia diminishes rapidly southward, also that 
the distance of the lowest specimens of Ditwrthis subqua- 
drata from the Hcbcrtclla iKsculpta layers decreases south- 
ward in such a manner that at the southern exposures the low- 
est specimens of Dinorthis subquadrata evidently are but a 
slight distance above the Hcbcrtclla insculpta horizon. 

e. The Fcrtical Range of Dinorthis subquadrata south of 
Madison. 

At Madison the base of the Dinorthis subquadrata horizon 
is 82 feet below the Clinton, the vertical range of the fossil 
being about 10 feet. At the Pinckney Swan localit>', on Sal- 
uda creek, it occurs 75 feet below the Clinton and 65 feet 
above the base of the \\'aynesville bed. At the mouth of Bull 
creek, it occurs 63 feet below the CHnton, and ranges from 
this point upward for several feet. This diminution of the 
interval between the base of the D, subquadrata bed and the 
base of the Clinton is due apparently chiefly to a decrease of 
the interval between the base of the Ditwrthis subquadrata 
horizon and the l)asc of the beds referred to the Madison. It 
acc»>r(ls very well with the decrease southward of the interval 
between the base of the Hcbcrtclla insculpta layer and the base 
oi \hc Madison, shown by tlie exposures between Franklin 
C'.''.iiiTv :in(l Madison. 

S'l.'uM the base (^f the Hcbcrtclla insculpta layer turn out 
:.. !.;• a !vI\iblo marker <'f the ]cd>x: of the Middle Richmond, 
ill.' p!\vi«liii^- I'lt-nvatit'ii.'- \n«'IiM in«licale a very rapid dimin- 
r.;i-!i ill thielNne^.s (U' the Mi-Mlf Rii-lunoiid from Franklin coun- 
:v .'.< far :i< thr ni.^Mih . .t" I'.nll .■''•tl:. The //'(/y//^^*!//^ bedon the 
V- '^■.\.\\\ \\«>'.ri.l n<M ^h'W 111. i:;iiM.ri;!n; variation in thickness 
1., :u,,,i !-"t..t 1/,;,; ...tint;. ...:.! \l.'.li>.»ii. although south of 
M.i/.-M .1 i.ipi'i .1- »?.MM- Ml li.i-iii' - \v«'iiUl l>e indicated. 
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/. The Dahnanella jugosa zone of the Waynesville bed. 
Quite different conclusions might be drawn from a study 
of the Dahianella zone, at the base of the Richmond, alone. 
On the north side of Hogan creek on the road from Moores 
Hill to Holman, Dalmanella jugosa is common from the base 
of the Waynesville bed up to 65 feet above ; it occurs in smal- 
ler numbers as far as the base of the Hebertella inscnlpta hori- 
zon, at an elevation of 84 feet. South of Friendship along the 
road crossing the southeastern corner of section 13, Dalmanel- 
la jugosa is abundant up to 40 feet, the base of the H. insculp- 
ta horizon being at 70 feet. Two miles southeast of Belleview 
along a road crossing Indiankentuck river, Dalmanella jugosa 
is common up to 30 feet, the base of the H, inscnlpta layer be- 
ing at 70 feet. South of Madison, the vertical range within 
which D. jugosa is abundant diminishes rapidly. At the 
Pinckney Swan locality on Saluda creek it is abundant only 
within a few feet of the base of the Waynesville bed. This 
rapid diminution in the vertical range of Dalmanella jugosa 
between Moores Hill and Marble Hill at first thought sug- 
gested an equally rapid decrease in the thickness of the 
Waynesville bed southward. However, the data recorded in 
connection with the vertical position, and range of Hebertella 
inscnlpta and Dinorthis snbqnadrata do not bear out this sug- 
gestion. 

g. The Madison, Saluda, or Upper Richmond bed,"^ 
At Richmond the top of the characteristic Middle Rich- 
mond brachiopod fauna occurs 57 feet below the Clinton. 
Southwest of Laurel, at the Derbyshire falls, the base of the 
Tetradium bed is about 71 feet below. At Versailles, the in- 
terval is 60 feet. Two miles southeast of Belleview and six 
miles north of Madison, Columnaria alveolata occurs 52 feet 
below the Clinton. At Madison, and at Hanover, the inter- 
val is 54 feet. While the coral bed has not been located along 
Saluda creek or at Marble Hill, the corresponding interval is 
believed to equal or exceed 50 feet. Farther southward, in 
Kentuckv, there is a distinct diminution in the thickness of the 
section referred to the Madison. 

^TiQentv-flrat Annual Report, IndUna Geological Survey, p. 220. Ameu- 
ICAN Gkolooist, June, 1903, plates XXI, XXII. 
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J J. 'I'l'.h \ >.»'::' -:. Ra.nt.e *f Certain Ordoviciax 

5. /7:;//^f.j'.t-.."j t* • icV'-jM. P. j;i:t^tiJtcta, D. m<ck\, D. 

'Yhi: \<>\\i:^\ !ay«:r- •:! the Trent* n exposure alongj^ the Ohio 
river oj^]i< ^itc \N'ar''a'.v contain a large species of Z>a/iiJi:m'//J, 
n^nally 21. an^ '--.cajii' nally j'* nun. wide. Compared with 
iJalmatwHa c:::jccri:j, it- radiating striae are coarser an^i 
nvtvir 'ii'-tant: an*! the pedicle valve is more convex. Fifty 
fe<'l above the river, '.vest «.-t the home of Louis Botts, the top 
of the Trenton cntain^ Eridi>trypa briarcus, Eridotrypa rnii- 
tahiliS, and Prasof^t.'rti siimilatrix. In the central part of Ken- 
tucky flii^ sjK'cie- <:i Ihibuauclhi often is fairly common in the 
lower part of the Trent«.n. Typical specimens of Dalntanclh 
eiiiaccrtita ^xur in the \j wer and Middle Utica at Cincinnati. 
The original shells nui^t have hecn very thin; owing" to pres- 
sure thev have alnio^^t invariahlv heen crushed flat. At \'evav. 
they are found in the .Middle I'tica, between 90 and loO feet 
b<low the top of the I'tica. Tlie most almndant brachiop'd 
of th<- I 'tica i> Uahiianella niiiltisccta. It ranges practical!} 
throughout the entire formati< n. In southern Indiana it is es- 
jjecially abundant in the u|)|)er part of the I'tica, this fossil and 
Dch'-.iyclla itlriclii extendinjj: to the very top. 

In ^outlicrn Indiana, the top of the Utica frequently is 
overlaid bv a brvozoan lavir varvini^ from 2 to 4 feet in thick- 
nc-s. Mild con^i^tin^j^ cliietly of mnnerous fragments of Cal/o- 
pura (litli'i and C. siihpUiua. Const clUiviii constellata-proniincns. 
Jh'hiiyiii dspi'i'ii, IJctcrotrypii fiumdosa, and Perenopora 7 era 
u>uall\ arc pre^-t-nt. Inn are inucli less abundant. At A'evay 
this lavcr c«.ntains al^) Aiiiphwu^pora scptosa, Homotrypa cin- 
I'liiiuiHrnsis. and I'Jiyliiponna :-<iri(fhita. In Indiana, Dalman- 
rllii t!''iltisrcta is ])ra(nioally al)^enl in the Lorraine, being 
kn«'\\n at this h.!ri/.(.n only at oiu- iMcality. ("iuilford, and there 
onl\ in the 1« we^t l)ed>. 

piilmanrlla iiu'i'hi is ccnnnion in the l-'ainnotmt bed at Ham- 
ijton. ^ )hi(-. li is ronniion at th.e same horizon at New Tren- 
ton, in ln«li.'nia. It is foinid in ^Um'iII nuinbers half a mile east 
of hill^lx'To -.ti'ticn. near the l)ase of the Fairmount, and 
aNo \\(si .1" MiillM.i.. station, nf.ir the tij)per Strophontcna 
pliiii;con:\\v,i in ri/.on. Southwell *^i this locality it appears 
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to be very rare. The species is probably represented by Fig. 
Id, of Plate 8, Ohio Pal., Vol. I, 1873. 

In the Corryville bed along the eastern bank of the White- 
water at Brookville is found in considerable numbers a form 
of Dalmanclla closely resembling the species which is so 
abundant in the low-er part of the Waynes ville bed, provision- 
ally called /). jugosa. It is associated here with Bythopora 
gracilis, Callopora ramosa, Heterotrypa inHecta, Homotrypa 
obliqua, and Lcptotrypa clavacoidea. At New Trenton it oc- 
curs in much smaller numbers in the Corryville bed, assoc- 
iated with the same bryozoans ; it is found occasionally also in 
the Mount Auburn bed, associated with Platystrophia lynx, 
Cocloclcma ozvcni, and undescribed Mount Auburn forms of 
Eridotrypa and Dckayia; it is fairly abundant at the base of 
the Warren bed, associated with Homotrypa pulchra and 
Cocloclcma ozvcni, species occurring also in the Mount Au- 
burn bed, Cocloclcma ozccni being usually diagnostic of the 
Mount Auburn. 

In various parts of Franklin county, Dalmanclla is very 
common in the upper part of the Warren bed: Southeast of 
Fairfield on the L. J. Logan farm it is common both below and 
above the Dinorthis rctrorsa horizon. Along Templeton creek, 
a third of a mile east of the Brookville pike, it is abundant. 
At the Baimian locality southwest of Brookville it occurs in 
the upper part of the W^arren bed. About a third of a mile 
above the mouth of Pipe creek, where the hill land reaches 
the creek, Dalmanclla occurs for at least 10 feet both above 
and below the Dinorthis rctrorsa horizon, tlie latter being 35 
feet below the top of the Warren bed. The Warren bed form 
of Dalmanclla closely resembles the species which character- 
izes the Dalmanclla zone of the Waynesville bed. 

Tliere is no doubt that the form characterizing the Dal- 
manclla zone of the Waynesville bed w-as the form for which 
the name Dalmanclla jugosa was originally intended since this 
is the only form in the upper beds of the Cincinnati Group 
which can be said to be abundant. Its width often, is seven- 
eighths of an inch, occasionally one inch. In local collections 
a small variety, slightly exceeding one-half inch in width, is 
often labelled Dalmanclla jugosa; both valves are more con- 
vex than in the larger specimens; this variety occurs in the 
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Vi c r.'r . .'.'. '>:rf , hut it can not be said to be common. Spe:- 
'-.».'•: '.: -'riz 'Izf: are found also at the top of the Middle 
>.-:"'j''. i* IjTi'.Um, Ohio, and at the top of the Madis-:!! 
>x v.v*':^-* m' Vv'cst[iort, Indiana, but are rare. 

< '.:r^yfi,omena hallie, Sir. planicom^exa. Sir, pidnufK- 
c'.r.i: \:r r.K'^\cta, Str, zetusta. Str. nutans, Str. sulcata^ 

',:".;.. .>f\^na hallie is cited from the Lx)\ver and Middle 
''*:'k. .'-.• '.':-.;iv it ^xrcurs in the Middle Utica, between ico 
<• - :.er. :*:*'*. b'rlow the base of the Lorraine, associated with 
A*f:f .':.-:' ;'.ra fctasiformis, also the variety welchi, Aspido- 
y.r-i Yj"::.',irr':i, Aspidopora ecccntrica, Batostoma implicatufn, 
C'.r.'^/r.r.ford'a ^^rannlosa-milfordcnsis, Hcmiphragma Zi'hit- 
field:, axA Stigmatclla clains. Ijctwcen 120 and 128 feet be- 
low *!;♦: ba-'r ^f the I^jrraine the section contains Monotrypa 
iuh/lo'/o.i'i Jind St'^matclla nana. A number of Lower Utica 
f^rr.'j-i «'v:'!''ntl\ raiij^c hijijluT than hitherto suspected. At the 
jun'tj^n i,\ MikI Lick and South Fork, half a mile south of 
Milt'/Tj. Slroph(nnena halHc occurs at the base of the L'p- 
I^'-r I 'Ur;i, 85 {*'j'i below the base of the Lorraine, associated 
v.it!i liato.stoma jamcsi, Callopora nodnlosa, Coeloclema alter- 
natuni, Drhayclla ulriclii, aiul other fossils of general range. 
North of l<r>jr<rs ^iap, in Kentucky, Str, hallie occurs in 
th<- lower part of t!ie L'tica, associated with Dalmanella mul- 
tisecta and I), cmaccrata. 

Slrophomcna planiconvexa, in southern Indiana, occurs 
(\\\\U' constantly, althou^'h in small numbers, near the base of 
the Lorraine, at the toj) of the bryozoan layer or just above. 
At \'evay it ranj^^'s from three to eleven feet above the base; 
at r*n K)ksburj:^ it is eij^ht feet above. 

P'our miles north of Vevay, on the Plum creek road about 
two miles south of Jacksonville, this species recurs 52 feet 
above the lower Strophonicna f^hin{ci>n7'cxa horizon, and 
about x^ ^^-'^'t below the lower PldtystrDpliia lynx or Bellevue 
lied. Three miles east of this legality, in the southwest cor- 
ner i»f se(*ti«>n i.^. (ijiposite the h«Mr.e (if J. W. Evett, a large 
tv])ieal u'ToTitie lower l.(Mraine sjHoimen ot PlafystTophia 
l\nx cK'curred in tin- ^anie slib wiih Strophomena plantcon- 
vcxa .Mt tlii^: np|M'r hoiiz'-n. 'The nji]K*r horizon is exposed also 
aloni: the n]»j)«r ii.irt of ti-.e r- -ad a<cen<ling the hill east of 
Se(»tt eiiaj'tl. tnreo miles nmlli --f l-'loroiu'e. along the eastern 
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branch of Lock Lick creek. Half a mile northwest of Dills- 
boro station, at the crossing of the road leading north to 
Chesterville, the upper horizon of Strophomena planiconvexa 
occurs II feet above the railroad crossing and about 35 feet 
below the Bellevue or Lower Platystrophia lynx horizon. 
West of Guilford, northwest of the home of George Frieden- 
berg, the upper Strophomena planiconvexa horizon is 60 feet 
above the lower. At the lower horizon, 54 feet above the rail- 
road track, the specimens are small and are associated in the 
same blocks with Plectorthis, small Platystrophia, and rare 
specimens of Dalmanella mnltisccta. The fossil varies in size, 
form, and coarseness of the radiating plications, all variations 
being found at both horizons. This is an interesting case of a 
general recurrence of a species at different elevations. Furth- 
er search will probably result in finding occasional specimens 
also at intermediate horizons. 

Strophomena planumbona ranges throughout the Waynes- 
ville bed, although it is comparatively uncommon in the lower 
half. At Concord, Kentucky, it is abundant between 30 and 
35 feet below the top of the bed. It is comparatively common 
and widely distributed in the upper third of the Waynesville 
bed, and also in the Liberty bed. It occurs also sparingly in 
the Whitewater bed, although Strophomena vetusta is far 
more abundant here. The variety elongata is widely distrib- 
uted in the Waynesville bed. Strophomena ncglecta occurs 
at Moores Hill about 15 feet below the top of the Waynes- 
ville bed. It is associated with forms not to be distin- 
guished from Strophomena vetusta, so that Strophomena 
vetusta apparently begins its range in the upper part of the 
Waynesville bed although most common and most character- 
istic of the Whitewater bed. Strophomena neglecta occurs 
also at the Nick Senefeld locality, at the north end of frac- 
tional section 26, south of Brookville, 25 feet below the top 
of the Waynesville bed, and also on Silver creek, opposite the 
home of Robert Martin, at approximately the same horizon. 
At Richmond, Indiana, Strophotnena neglecta occurs sparingly 
at the top of the Whitewater bed. Strophomena vetusta has 
been found in the lower part of the Madison bed in Indiana. 
Strophomena nutans is widely distributed in the Waynesville 
bed; one specimen was found in the Liberty bed at Oregonia, 
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^Ax'uk an^l another in the Whitewater bed at Tate hill, east of 
l/SL'/irm, Ohio. Strophomcna sulcata c:)ccurs in all subdivisions 
of the kichmonfl, but it is common only in the upper part of 
the Wayncsville bed and, again, in the upper part of the 
U'hifewatfrr. 

7. Ijinortltis retrorsa. 

hinorihis retrorsa has l)een considered hitherto one of th« 
m''>f-t characteristic fossils of the Warren bed. It is found in 
the Warren bed at numerous localities in southern Indiana, 
aIthoii;(h restricted to a vertical range of only a few inches 
near the middle of the bed. At Madison, it occurs 47 feet 
l>eIo\v the tr/f> of the Warren ; east of Cold Springs station on 
the Haltimore and C)hio Southwestern it is 32 feet below ; east 
of .\'ew 'Jrenton the species ranges from 33 to 35 feet below; 
half a mile al>ovc the mouth of Pipe creek it occurs at least 35 
fe^-t b<low. 

Kecentlv a variety of Dinorthis retrorsa has been found 
also in th(! upper ])art of the Waynesville bed, about 25 to 30 
feet below the to]). It occurs 30 feet below the base of the 
Ifehertella insculpta layer, directly in front of the home of 
Xick .Senefeld four miles southwest of Brookville, immed- 
iately overlying beds containing Bythopora mceki, Eridotrypa 
simulatrix, Ifeterotrypa prolifica, Iloniotrypa HabcUaris, and 
Nichnlsonella tcnera. DinortJns retrorsa was found loose 25 
feet below tlic top of the W'aynesville bed at the home of Wil- 
Ham i'auman, three miles southwest of Brookville. About 
half a mile above the mouth of Silver creek, opposite the home 
of Robert Martin, it occurs 47 feet above the creek and 17 feet 
below the top of the exposure, all of Waynesville age. Here 
Bythopora uieeki, Callopora siibnodsa, Hetrotrypa prolifica, 
Monotrypclla quad rata, Xicholsonclla tcnera, and Spatiopora 
vwntifcra were found immediately below this upper DinortlHs 
retrorsa horizon. The top of the Waynesville bed was not 
ex]K)se(l. At all Waynesville IcK^alities specimens are rare; the 
valves are usually separated ; they differ from the Warren bed 
forms in the smaller number and greater width of the radiating 
plications. The Warren form was (lescril)ed by Hall as Dinar- 
this carlcyi ; ri more careful discriminaiion between Ordovician 
faunas will probnbly lead to the revival of Hall's name for the 
Warren form. 
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8. Leptaepia rhomboidalis. 

Leptaena rhomboidalis ranges in the Warren bed of War- 
ren county, Ohio, from three to four feet beneath the Din- 
orthis retrorsa horizon to a short distance above this horizon. 
It occurs at the same horizon in Indiana, on Big Cedar creek 
in FrankHn county and a mile southeast of Sparta. However, 
it is abundant and widely distributed only in the upper third of 
the Wavnesville bed. At the Bauman locality, three miles 
southw^est of Brookville, it makes its appearance at the upper 
Dinorthis retrorsa horizon, becomes abundant lo feet higlier, 
and extends through the Hebertella insciilpta layer. It makes 
its appearance at the upper D, retrorsa horizon also along Sil- 
ver creek, half a mile east of Dunlapsville. A mile and a half 
west of Blue creek postoflSce, east of the creek, it is found in 
the Hebertella insculpta layer. South of St. Leon it is abund- 
ant for five feet above the Hebertella insculpta layer, immed- 
iately below the Plectawbonites sericeus horizon. Occasionally 
specimens are found at the top of the Whitewater bed at Rich- 
mond. 

p. Rhynchotrema dentatum, Rh. capax. 

Another fossil showing recurrence at different elevations is 
Rhyyichotrema dentatum. A variety with fewer and more 
angular plications occurs in the Warren bed, 23 feet below the 
lowest strata definitely recognized as Richmond, half a mile 
southwest of Howard Mill, in Kentucky. The typical form oc- 
curs near the top of the Wayncsville bed at Versailles and at 
Metamora. It is rather common in the upper W^hitewater beds 
at Richmond and east of Dajton, Ohio. Rhynchotrema capax 
occurs at Madison seven feet above the massive coral layer at 
the base of the Madison bed. It occyrs much more abundant 
ly in the other subdivisions of the Richmond. 

10. Plectambomtes sericeus. 

Plectambonites sericeus occurs occasionally near the base 
of the Wavnesville bed wxst of Oxford, Ohio. It is abundant 
a short distance above the Hebertella insculpta layer in the 
Liberty bed. 

11, Platystrophia lynx. 

In southern Indiana, and in the adjacent parts of Ken- 
tucky-, Platystrophia lynx is very abundant in the Bellevue 
bed. In Ohio, it occurs occasionally in the Faimiount, Belle- 
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vue. and Corryville li-'riz-.-ns but is not common until the 
Mount Aiihnrn bed is reachexl. It c^ciirs in the Mount Au- 
burn bed also in Indiana, but. except in the neighborhood o{ 
Madison, it appears to be vcr}* rare at this upper horizon. In 
Ohio, specimens are kn«^\vn even as tar up as the middle of 
the Warren bed. Many oi the g-erontic Mt. Auburn specimens in 
• jhi'j are characterized by the |K^ssession of a remarkably short 
hinge line, resulting in a more globose form for the shell. 
:j, Strcptclas'tua, Hctcrosfongia, Bcatricea, 
Strcf'tclijsnia rusticum. or rather the forrti which passes 
::r. ler this name in Ohio and Indiana, occurs at Concord, Ken- 
z- :'.<}. at 47 feet and again at 58 feet beneath the base of the 
?z:'''iru'.la insculpta layer, while Dahuanella jugosa is found 
:r. i^::r.dance only between 44 and 28 feet beneath this layer. 
}{.-:' sr-ftgia, a branching fonn of unknown affinities, oc- 
:-:rf 3: Madison eight feet above the base of the Madison 
'>:\ rr. Wrsaillcs it occurs at the base and also two feet be- 
-M-': •'-.:> 'v-l: along Elkhorn creek near Richmond it occurs 
• --: y.:'.L:>.:\ beil about 38 feet below the top. A large 
- : :.-.". -: : :::rAn oi Bcatricea- nndulata was found immediate- 
*►'. . ::'c :v.ri«i^ivc coral layer at the base of the Madison bed 

• ' ' : ^ "■ •* * • "i TT "1 
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eighth of March at 12:26 a. ni. The direction of the move- 
ment of the earth-wave during this shock was recorded by the 
writer's seismograph and was found to be an almost true east 
and west movement, the nwtion being first toward the east 
and then to the w^est. Though the pendulum sw-ung outward 
and back, making two complete vibrations, and returned to 
the centre, it is probable that there was but one vibration-wave 
instead of a double rocking motion. This is probable from the 
very fine wire used and the length of the pendulum which 
w^ould of itself through momentum be carried out and back 
through the sand bed after the initial jar had passed. 

Upon investigation we find that there have been a number 
of earthquake shocks in this immediate vicinity at various 
intervals during the past and some have been quite violent. 
According to the most reliable evidence at hand from one of 
the oldest residents here there was a strong earthquake on the 
tw^enty-eighth of April, 1868, and again in April, 1869. This 
latter was the most serious known here. This e^thquake shock 
affected the water flow in the Socorro springs at the base of 
Socorro mountain. Prior to this disturbance the water flowed 
most rapidly from the southwest corner of the wet area about 
the springs. After the jar it shifted to the north end of the 
water-bearing zone where it still issues forth in abundance, 
but not as strongly as it used to in the area farther south. Fur- 
thermore after this earthquake the water became muddy and 
of a rustv color and remained so for manv weeks. 

The next violent shock occurred on the sixth of July, 1886, 
when the Countv Commissioners were in session at the court 
house. There was a heavy rumbling sound preceding the jar 
and this was followed by so sharp a rocking of the building 
that the men endeavored to rush out of doors for safety. For- 
tunately the vibrations quickly passed and the building re- 
mained. 

Again in 1897 another earthquake was felt w-hich is dis- 
tinctly remembered by many persons now residing here. This 
was sufficient in strength to overturn chairs and small ob- 
jects. One man crossing the plaza says that the ground 
seemed to roll towards him and he was forced to stop and sit 
down until the motion passed. 
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'rh<* above nvords are sutficient to show that Socorro is in 
a })4'\\ of cTUstal (iisiurhance< which, while thev are not violent 
'fioti^h to render the rojjicn in any <ense unsafe, yet they may 
U: pronoinuxd onouj:li to be worth careful study and shouM 
]tt' ai'curately measured by in>tnuiients prepared for that pnr* 
!>>•»<•. W'itli the present improvements made in the seisnn> 
jjraphs in ihe l)asenient of the Schix>l of Mines we shall be in 
]ffiU'r shape to record such earth tremors should they c»n- 
tifuie. There seems to be no rt\'\>rd of any damage to public 
or private property, however, although the recent shocks have 
]ft'n\ so pn^nounced that jn^ple are awakened from s<iiiml 
slumber when they inrcur. 

All these jars are oi >\\on duration, come at irregfular in- 
t'.TvaK, and the more violent aj^pear to be followed by a nuni- 
Imt of minor tremors which are more or less distinct. The 
turbidity of the waters in Socorro springs in 1869 and the 
number of fault planes found on Socorro mountain go far to 
substantiate the hy])othesis thai these earthquakes are due to 
iccal disi)lacements in S<Korro mountain and its outliers. One 
such fault is visible close to the Magdalena railroad track as 
it bends around the mountain at the arroyo crossing a few 
miles from S(x^)rro. These slippings are presumably going 
ftu slowly with now and then a sutlden displacement strongly 
marked which results in lhe^e IcK'al earthquakes. It is quite 
likely that the region is slowly uplifting which assists in pre- 
serving the' rugged topography of the mountain which is so 
characteristic. That such elevation is assuredly taking place 
in the southwest j)()rtion oi CL>lorado among the San Juan 
mountains has already been >h()wn by the geologists of the 
United States ( ieological Survey who have studied the dis- 
trict. 
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THE SACCHAROIDAL SANDSTONE. 

Bj G. C. Broadhbad, Columbia, Mo. 

In the Missouri geological report published in 1855 profes- 
sor G. C. Swallow divides the Lower Palaeozoic strAa into a 
series of three sandstones and four limestones to which he ap- 
plies the term Magnesian limestone series, as follows, begin- 
ning at the top: 

First Magnesian limestone, 80 to 190 feet. 

First, or Saccharoidal. Sandstone, 80 to 125 feet. 

Second Magnesian limestone, I50 to 230 feet. 

Second Sandstone, 70 feet. 

Third Magnesian limestone, 350 feet. 

Third Sandstone, 50 feet. 

Fourth Magnesian limestone, 300 feet. 

With slight changes these divisions are still recognized, 
and to certain beds, local names have beeen applied. 

The Third Sandstone and Fourth ]\fagnesian limestone 
were recognized by Swallow on the Xiaugua and Osage rivers 
in Camden and Miller -counties. Their equivalents may in- 
<:lude the lower lead-bearing limestones of Madison and St. 
Francois counties. Evervw^here else thev are covered with 
later sediments. The Third Magnesian limestone is well ex- 
posed on the Gasconade river in Maries and Pulaski and on 
the Osage in Cole. Miller and Morgan. It is the lead-bearing 
rock of Morgan, Miller and Washington counties. The Sec- 
ond Magnesian is the principal rock in the Missouri bluffs 
from the western part of St. Charles county to Moniteau, and 
forms the entire hill at Jefferson city. Certain lead mines in 
Cole, Maries, Franklin and Jefferson occur in it. 

The Saccharoidal sandstone is w^ell exposed for two miles 
along the Mississippi at and near Crystal city, 35 miles south 
of St. Louis, where a thickness of 50 feet of pure white sand- 
stone is seen. Forty miles north of St. Louis it is next seen at 
Westpoint, Illinois, and at Pacific, 35 miles west of St. Louis, 
it is well exposed. 

This sandstone wherever seen is composed of minute round 
grains of silica sometimes resembling an oolite and cemented 
by silica paste and rarely by calcite. Analysis of specimens 
from several places shows it to be over 99 per cent of silica. 
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It is n:ore ofvrr. lurc white, out ?*:«cnetfme< colored bv iron 
oxidt-. At Cr. ?:al c::;*. F^acitic, Au:Tti5ta and Westpoint it is 
capped by thrr :":r-t Mac^Lciian.- lintesrone. TTie fact of its 
beinj^ so pure ar.i easily cnishc'l caused extensive plate glass 
works to Ixr C'l'T.rtrJcted at Cry^-.A city and these have now 
been success f-"y operated tor thirty years. Xear Horine in 
Jefferson county, it is seen S*y feet thick and thence northwest 
to Pacific it is oi frequent occurrence. One hundred feet 
thickness is exp^iscd at Pacific, the upper sevent>--five feet be- 
ing pure white and easily hauled. There has been a large 
quantity shipped off from here f«jr the past twentA--five years. 
At \'alley Park, a few miles east, extensive glass works have 
recentlv been constructed. 

At Gray's summit the Pacific railpDad cuts througfh this 
sandstone. 

On the Missouri river at St. Albans it is the lowest rock 
seen and at Lefficue Kr>ck it is in the river. 

The hill, one mile below Aut:u>ta in St. Charles county, 
shows the following section : 

1. i6 feet of IjfW^'T TrcTit'ii. < ri the hill t^p. 

2. 94 feet of Fir-t M;tjr:ic?iriii '.-.Tr.'.-^t-'iie. 

3. 2 f<*ct t^ii a:iTt: •rtlciTcio ^an<l-i'.nc. somewhat oolitic and en- 
clo-iiii? calc ^par. 

4. I foot of earthy 'j* !:t:c iinu^t ik- with cikic spar. 

5. 2 fiH-t "f whiter and ^rowii -!:i«l-t« iic. -lightly oolitic. 

6. 130 feet "f while S'lcchar' i<lal Samlstonc. 

7. 2l !• feet of chert. 

8. ^ feet of (hirk. n.vgh. m<.'ttlc«i m i^mc<ian limestone. 

(/. 38 feet < f Second MaiiTU-iaii :i:r.en"ne, containing some chert 
aiul *««;imr (.'otton rock heiN. 

A half mile cast, al(.>n_g the blutts, the Second Magnesian 
limestone dips beneath the horizon and one mile farther the 
sandsloiie disappears, l-'rom luTe. as we ^o west, as far as 
r.oonr, the >tand<t«'ne is found near the top of the Missouri 
hhilV-. < )u Tuque creek, two miks north of Marthasville, it 
is ]jj fi-et lliirk and pure white, with the lower beds slightly 
bmwu tiu<^ed. A cave calle.l "the devil's boot*' occurs near 
Mart ba^vi lie. I'>oni tlu: level <urlace we descend 30 feet to 
the ll'.or. We are ilure in a r'^'Ui ^k.") feet wide and 150 feet 
dc« p. S I'l'et hi-li at il.<- eiiiraucr and 25 feet high at the far- 
ther ( nd. I luTf i^ a ca\ e near tl;^ b.oad of the Dry fork of 
t'barett'.' wliicli has a beautifully ripple marked roof. 
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On bluffs of Lost creek, Warren county, one and a half 
miles from the Missouri bottoms, the section shows : 

1. 57 feet with outcrops of chert and some sandstone. 

2. 20 feet of Devonian limestone. 

3. 15 feet of crinoidal limestone. 

4. 80 feet of Trenton limestone. 

5. 31 feet of First Magnesian limestone. 

6. 70 feet of Saccharoidal sandstone. 

7. 105 feet of Second Magnesian limestone. 

On Charette creek, Warren county, the Saccharoidal sand- 
stone is seen 84 feet thick, the upper part white, the lower 
brown tinged, and forming very picturesque scenery, and cov- 
ered with lichens and ferns. Springs of water often issue from 
the lower beds. 

The Saccharoidal sandstone is exposed on most of the 
streams flowing towards the Missouri in Warren, Montgomery 
and Calloway. Five miles southwest of High hill, there is a 
lone hill called the "pinnacle" nearly surrounded by the water 
of Pinnacle fork. It is 88 feet high, with a width at the bottom 
of 100 feet, and 540 feet long, the lower 50 feet nearly per- 
pendicular, the upper 12 feet of First Magnesian limestone, 
that below of sandstone. The lower part of the sandstone is 
sometimes deeply weathered and forms good shelter for cat- 
tle. 

On Whitesides branch it forms very picturesque .escarp- 
ments capped by the First Magnesian' limestone. On Dry 
fork of Lowtre it forms beautiful terraces and escarpments, 
the upper 4 feet columnar. The columnar was also seen on 
Lost creek in Warren county and on most of the branches of 
Loutre river. The best example of this was seen on Whetstone 

creek west of Loutre. 

< 

On the Missouri bluffs, near Portland, there is a shallow 
cave in sandstone known as Saltpetre cave. Saltpetre has been 
made here and the walls are coated with a fine white efflor- 
escence. 

At the Clatterbuck ford, on Cedar creek, line of Boone and 
Calloway, the section shows: 

1. 52 feet of Devonian limestone and shales. 

2. 25 feet of First Magnesian limestone. 

3. 30 to 40 feet of Saccliaroidal Sandstone. 
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riu' S^vv'-M-' r.'j xir 'sc -- 1 i :r«rar> in high lands in many 
pl.urs tn !"var*-v 'V ^r ::"—- jl" > *^L! i^veSoped along- the Mis- 
Mniii Ml t!*v •:»"■• 'V, I ^: •;-' : :.*^ r urr. . ilso in the northwe>t 
lutwtrii St Ivi'- .;■• ■ . V . T j*=-x^. Ahtre Dr. Shumard esii- 

Mn I h^- \l '<>.;-• ■:--.:-'; rt : Gaiccnade and Frank- 
lin 1 1 h,js l»vvi: ^:' M--. ■. :-v.-. r. rr.vigtr masonrA". From 
till- pl.uv I »'I^:.i -v ^ir : i:* r-.hcctras over 6 inches in 
li.Miutn Willi a x:: '•;■".* ^ .- .i ■ -j!: .:i -iianieter. The >pec- 
inini \\.»N » \vr j uv: --^ . Mj:— ^::*:> ■:: what may be ijrih-'- 
tti.itil^s wv'Jv' a!^ :.r *v . JL. ""/"ics r: 'iianieter. 

( )ii tlu' lip rr : "v ' '*.:"> v: ..\" C Ic*> creek and the ria>- 
roiiailr. llu^ uppvi '^^S .Vv . : J. " *.a.-.:::\:! ir..i somewhat bamloi 
piiik mini. \i\u : •■^ :!.'. .r. : rrr.^rly :\vo large tixmbiCii 
fiiiissis III >aiuNi» I'c N*" -^ :• .i> •.■•<. L:::lc ar.i Big bIo<<oni. but 
ihr railnMil luriUIv'T> ' "..is:^ . :":.::: ^.xi.;. Farther west the 
^.ainl.si«nu" i> rnl\ I c^M<: :\- -.-.-. >i- :l:c Second Magnesian 
Imiolniu- in"i\' I'tui: :\:io!:v- ::.::: :'.*.t Va>< to the suinniit of 
the InlN. \\u!t'< :.::•:. ;. :-."..> a" ^ ■■ ;.- ie:ters^">n. is the !a>: 
\nti\\[ wIkti- ilk" >a!^'.'': ::^ s :. 'v >;.«.:•.. The last pciint wtst 
w'.k'H' it is >ccn « u :'.\ :,".:'.: :. .'. > :':.:7 Syracuse. It is KiinJ 
near ilu* \ <.T^airiC'>. :: :> c ;.;--. ::...■ : v.nd on the high!:i:i.:s 
ii»-ar liu- i ia>C"n:"*!v !..r ;. *. ..- :"' :"• ■.:> rr.-.ulh. 

Ai W'c^liMiini. i!!.. :: :' •:: - ■. •"..: .:::::c!:nal which exp:sc5 
the rtick j^ i\iL ill •I.-.a:';-- : :■ .. ...M .i ::-i:e along the M:ss- 
i.->ippi. 

• ( Ml :1h- wol >i«k • :' • v ^^! >->-;; : ::: Lincoln county. M.;.. 
')])pMi>itr la]) an <'i:\.-. •'.• ^•.. :. ••.- '.■.:.■.'.>:- lu- lies hor iz or ta.*. 
l.ui "II ilu- li'Ttl. -•.''.• •.:' ' -.•.: V. '.h^ p cks are tilted ::?• 

a\ an aii-i( •»!" ^'- ■■-:. ■ -■ -'■■ wiiiiJ the Burlinc*--'- 

!:mu'-:"; ami <\'.\ ;;•!':«: :•:• - r- )•>, including the Firs: 

\!.i-iiv :an I'l.:- i*-". -i'. -■■•!;-!-^ nc and the SecL ::■- 

\1. l;i — ".lii. ' lii'l -I ■ • . . '..'.\(\ ill ree miles ncnh. 

; i'\ :-.i!i • 11- .. !• •.:■•• •'WTriicc of sands:-: ne 

.,' :.■■. 'I '■■■'II I I.. :■ • ,■!■•, 1 ■].' .la-n (jf is known a? 

;' • t i|. Ml < I ./■''ill La Salk* county, HI.. 

I V' • ([•■'■I ...."■:!. I'..]. !'•< ii'rs, thence nonh- 

'■I' .'I' I"- ■'" ' ■ ■ '■ '" ■' \< w London, and :> 
■ ■" !■ .■.•..< ui "I. I ii..\ c(iunty. Frcn: 

\l. i .| , I i.it.h ■• ••■ ' M,-..! |.,i 1 \ cral miles bv a 
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series of sink holes. Through the northern one-half of Lincoln 
and through Pike and Ralls it approximately follows a ridge 
about 12 miles from the Mississippi. At Westpoint the axis 
must be deep down, opposite Cap au Gres and on Sandy creek 
nearer the surface, and farther north it lies deeper. 

The last place where the Saccharoidal sandstone is seen in 
Missouri is at Jones', near the lines of Pike and Ralls, where 
the section shows: 

1. 6 feet of limestone. 

2. 16 feet of drab shaly limestone. 

3. 30 feet of First Magnesian limestone. 

4. 4 feet of Saccharoidal 'Sandstone. 

From Westpoint the sandstone is not seen again until we 
enter Wisconsin and Minnesota. At Min^leapolis and St. Paul 
our Saccharoidal sandstone is the well known St. Peter's sand- 
stone. The First Magnesian seems not to be present here, but 
the Trenton rests directly on the sandstone. In southern Mis- 
souri sandstones often occur, and some have been referred to 
as the Saccharoidal sandstone, but the adjacent strata seem dif" 
ferent. 

At the Insane Asylum well at St. Louis the Saccharoidal 
sandstone was reached at a depth of 1462 feet, showing it to 
occupy the bottom of a basin of that depth w^hose outer rim 
appears at the surface 30 to 40 miles distant at Crystal city. 
Pacific, Augusta and Westpoint. The thickness in the well 
was found to be 133 feet, or about the same as that which I 
measured near Augusta upon the surface. From Augusta to 
Westpoint it is covered by 700 feet of more recent sediments, 
showing that between Augusta and Westpoint there is a de- 
pression or trough over 700 feet deep extending northwest. 

A mile below Augusta there formely stood out from the 
bluffs a pyramid of rock 40 feet high and 10 feet wide at the 
base — the upper part a few feet of limestone resting on sand- 
stone. This was separated from the bluffs by a few 'feet and 
on its top a small cedar grew, hence it was long known as 
Cedar hill, but the railroad builders have demolished it. A 
company now operates a quarry a mile below Augusta and 
they take out and ship off large quantities of the sand. Their 
place is now known as ^'Klondike." Specimens from this place 
show 1)eautifully under a magnifying glass, sometimes a beau- 
tiful cross lamination is seen. 
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At Clavton. St. Louis countv, the sandstone is reached in a 
well at 1 145 feet and at Houseinan*s, near Brentwood, at a lit- 
tle over a 1000 feet depth. Several years ago it was reported 
that just after a sudden rise in tlie Missouri water in the 
Houseman well rose to the surface. Hearing of this, a project 
was conceived hy certain parties to build a dam on the Missouri 
where the sandstone is at the water's edge, which was a little 
more than 20 miles distant. The idea was that the water be- 
ing dammed up around the sandstone it would thoroug^hly sat- 
urate it and the pressure would force it along the strata to 
near St. Louis, where it could be utilized. Testing a piece of 
the Klondike rock I found that after remaining in w-ater five 
days the weight of the rock would be increased about 5 per 
cent. But the truth remains that within 50 miles of St. Louis 
there is an inexhaustible supply of the very best sand for 
making glass, clean, pure, easy to crush and showing over 
99 per cent of pure silica. 



A REJOINDER TO DR. DALL'S CRITICISM ON DR. 

SPENCER'S HYPOTHESIS CONCERNING THE 

LATE UNION OF CUBA WITH FLORIDA.^ 

By J. W. Spbnceb, Washington, D. C. 

I have contoured the continental shelf of the Floridian re- 
gion, with lines from 200 to 500 feet apart, t Thus it has been 
found the Bahamas and Cuba are cm the continuation of the same 
continental shelf with I'lorida. 1 have studied the valleys in- 
denting this shelf, their sizes and gradients as well as their 
neighboring gecjlogical forniatiuns. I have seen in these sub- 
marine valleys and their tributaries such a close analogy to the 
barrancas and canyons incising elevated plateaus and descend- 
ing fri-ni them to lower plains, that I have been forced to con- 
chule that iluy were sciili.nured by atmospheric agents, and 
this beinir the case, ihev became evidence that the continent 
stood at a startling elevati'in in late geological times. 

♦ "Tctliiiry F'aitiia ..f I-M.-rida' hy W. H. Pall. W'aKncr Free Inat, Sc. Hi, 
TJ(»4-. p. ir»4 I. 

• "KoiM.i:vtriicli«-in <>r t!u' ATiiMiiai: CfJiitinont" t>y J. W. SPBHCBH, Sa//. 
Gcol. S"C Am., v.il. v:. ]•;>. 1«i:M4«i. f.-n . l*-'.».'.. Also other p*peT» On tbe 
map'*. vHf «loiie •lonioiirs hav: not hrpn r«jit oduccd, to avoid COnfbtion of 
tlu small scfilc. 
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Omitting all the evidential facts bearing upon these fea- 
tures, Dr. Dall tells us that he is still "convinced" that they 
can be otherwise explained, without suggesting in what man- 
ner. He fortifies himself with the opinions of his junior col- 
leagues, claiming that they throw "much more light on the 
subject," of which I can find none. Yet he passes over the 
testimony of other widely separated, but actual investigators 
of the subject. He prominently introduces several irrelevant 
problems, which are not validly pertinent to my hypotheses, 
and with which I have no occasion to disagree, and these he 
discusses in such a manner as would appear to me to carry 
the implication that he has removed by counter evidence the 
supports of my hypothesis, which implication cannot for a 
moment be allowed to pass unquestioned. In only one case 
does he raise a valid objection, which is easily explained not 
only by my facts, but also by those of another who is a dis- 
tinguished authority. Finally he proceeds to shatter all phys- 
ical investigations on the subject by a dogmatic pronuncia- 
mentum, which together with his treatment forces me to reply. 
And in order to make this reply intelligible, I must give a 
lengthy citation from Dr. Dall's paper, as follows : 

1. "Dr. J. W. Spencer has propounded some very startling hypotheses, 
invoh'ing the elevation of some of the Antilles and Florida many 
thousands of feet, and their submergence within a comparatively recent 
period of geological time. 

2. "By the researches of Prof. R. T. Hill and Mr. T. W. Vaughan 
much more light has been thrown on the subject. 

3. "I am entirely unable to accept Dr. Spencer's hypotheses, while 
admitting many of the facts he brings forward, I am convinced that they 
admit of some other explanation. We find in the Oligocene of Bowden 
land shells belonging to groups peculiar to and now inhabiting the island 
of Jamaica, which is sufficient evidence that since the era during which 
the Bowden marl was deposited the island has never been entirely sub- 
merged. With Cuba it may be different, though I can hardly bring 
myself to believe that the peculiar land shell fauna which is so char- 
acteristic of that island can have been evolved since the Pleistocene. 

4. "The proximity of Cuba to Florida and the fact that th« adjacent 
portions are composed of organic limestones, which has long been 
known, led to the very natural, but erroneous inference that Cuba and 
the peninsula were formerly continuous, and that the Florida straits had 
been cut between by the erosion du« to weather and streams, and sub- 
sequently by the gulf stream. 
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.'*• ;:!i '!•■.:.*.: r •:' ;/ ■ ••:: J';74 foe: wiiiI'.: connect Ciil^a :\n\ 
*'i'- J ;:i; ;.:;.;:' v. :•'.. ] '. r:'.:-. ';. :-:!.:rv.:^t>. the evidence «">t any 
;.rr";i*'r * !' '.;*■:' ri .'. ■ *:!■: ';■.:•.•. v : ' t- v iisfht for far hey on d :r.e 
l.-jfi'!- ' f v.'- ;,«:i::]-'.:!a. v.!:.*.: c :>:i:'.::'v> Dr. Dall's liniitatK^i-- 
'1 ]i« ^.'p-'i* «'!' v.'i'i' II -'.'irc:' -*.<■.': !»■- :lu- ix-ourrence of the siihnia- 
Mij- -..'i!!*-. - •:.'r:\<\ •■•.■rta::\;. ' •• -:;ir:'.inc: it contemplated with- 
'.iit iT?'l;. . Wi*!: i!V: il.f :i\ I •.*.!■•. -i- \va< of slow growth as 
iv. «iii;. jivr ;. "ar- :i'^<) I iMCjaii ^licrw :ny friend now appear? 
to \t* . \li'»iit iXjS, wiiiic invi>iiir;aiinT the problem of the 
'-rij.'iii '»f tin- ]»;i^iiis «.iilu- L^reat lakis. I found in the works oi 
l>;iii:i ;tin! haw^'ii tin- rvifh/nin- nf a former greater elevation 
«.i ill* M,iitiiii iital laiM!>, ]ii:t it \\a- n- it until 1889, when I saw 
n«. '.I'l'i- |Ji'»li;ilil<- i\|jlanaii<'n * f u\k: sulmiarine valleys, that 
th« h\ |i'iilic>i> «if a lab* <-Irvaii«»ii nf rven 2000 or 3000 feet 
w.i^ a<l"|ii''l. 'I'ln' saMu- I'ruitiin tital shi-lf extended from the 
y\\\\ i*\ Si. I .;j\M''n<'r \i) \hr '^mM oi' Mexico and it was similar- 
l\ in«l«'iii«w| with valli-v-. >'« i it w:j- another four years before 
I \Miiiir«i| t.) <m11 .titfiitioii t') ihi' CDiuiiuiation of the Fame 
italiin-, ir. L'l'at «l.|,ihs.r A war later. I published an array 

•' 1 1 It'll <. Ill mil : 1 1. 1 1 I lev. It loll" rti-.. >)v the writer. Bol/. Geo/. Soc. ilm . 

V ii 1. |ii< •■ • . ". 1 '^* '». 

' • 1 1 I I .■■.! I i.il ^nl ■.i.i'ii- 1 s. I'. . f t Ml .\ m. Cont./' /"t/., toI. t, p. 19 with 
iiiit|i 
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of facts and announced my hypothesis,* and since that time 
have added the results to numerous surveys confirming my 
belief that the submarine valleys cutting the continental shelf 
were formed by atmospheric agents. And I hope to revise 
the whole subject, brought down to date, in the near future. 

Dr. Dall in paragraph numbered 2 refers to the work by 
Mr. R. T. Hill, which he says throws "much more light" upon 
the subject.t From the same paper by Mr. Hill I find a con- 
firmation of (a) my previous observations upon the enormous 
amount of denudation of the white limestones since their up- 
lift with moderate dislocation; (b) the subsequent terracing 
(which means both subsidence and re-elevation) hight above 
the present shore line and (c) the remarkable horizontality of 
the late epeirogenic movements. He also shows how the ter- 
races have been incised by gorges and canyons, but he does 
not follow these features below sta-level. However, I could 
not find anywhere that he had thrown any light upon the er- 
ror or extravagance of my hj'pothesis as may be inferred when 
Dr. Dall says that he has thrown "much more light on the 
subject." That I am right in this contradiction is shown by 
Mr. Hill's own wocds. He says: "It might be alleged that 
all the ancient topography, showing subsidence is still beneath 
the ocean level. . . . The submarine topography however is 
not within the province of this paper." Thus it may be seen 
that Mr. Hill has not studied the very features upon which 
my hypothesis has been based and consequently he is not in a 
position to throw any light upon the subject in any way, yet he 
ventures an opinion thus: "Without committing myself to an 
emphatic negation as yet, I must confess . . . / seriously 
doubt its existence" (that is, late subsidence),, and such an un- 
supported opinion Dr. Dall accepts as authority. Xor have I 
been able to find any proof to the contrary furnished by 
Mr. Vaughan. 

While speaking of Mr. Hill, I shall now improve the oppor- 
tunity of correcting Mr. Hill's measurement of the thickness 
of the Tertiary limestones at Mantanzas (in the Yumuri can- 

* "Reconstmctiofi of the Antillean Continent" by the same, Id., vol. vi, pp. 
103 140. Jan.. 1806. 

t Ball, Mag. Comp. Zool., toI. xvi, pp. 243-288, 1885. Ms. Hill was sent 
to Cab* br PaoF. A. Aoamiz in 1894 to fttndj the raised coral reefs and 
arrived in HaTanajast an I was leaving; the island. 

t Also: "Geojn'aphical Evolution of Cuba" by J. W. Spbncbk, Bull. GeoL 
Soc. Am,, Tol. vii, 1895. see page 87. 
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yon). Here he give^ rl'-e -.Izickr.-e-^s a: Soo feet. The section 
along the canyo:: is a '.::■■ s: ijrt'rLy icr:«* the strata, which 
dips uniformly a: a :::>Itra:e ir.^.:. I: shows an unconform- 
ity near the top aryi ar..:-j:tr a: :l-t in::er end of the canyon, 
and a little bey one :here :5 a zi-ir. : a>^ve which I measured 
the thickness and four.i :: :: 're :":c f^c and if the beds are 
not repeated at the fau!:. ::. '.va> c<::n:a:ed that several hundred 
feet more would have :o ':< aile-i.* This correction is im- 
portant, as it shows :::a: the liir.vS:or*es here have about the 
same development as is iir-w kn:-.vr. :c c-btain in southern Flor- 
ida on one side and in Jan:aica on the other; and it throws 
more light on ilie amcun: of denudation of the neighboring 
hills. Furthermore, the discrerar.cv in his measurement does 
not strengthen the value of Mr. Hill's imdigested opinion, as 
above pointed out. 

As expressed in tlie beginning cf paragraph Xo. 3, I could 
not object to Dr. Dall's dissent from my conclusions (though 
I should prefer him to accept them'». provided he had at- 
tempted to show some other feasible explanation of the phe- 
nomena, which he says he is "convinced that they admit" of. 

In the latter part of paragraph 3 and in Xo. 4 Dr. Dall cites 
evidence that Jamaica and Cuba have not been entirely sub- 
merged in later geological days. The introduction of this 
topic has no bearing uix>n my hypothesis, and its treatment 
is liable to leave the impression that here is a strong" point 
against my conclusions. The same infelicitous treatment is a 
prominent feature of other paragraphs. In Cuba, the terraces 
and sea caves at about 400. 700 and looo-iioo feet suggest 
that Central Cuba was so submerged as to be represented by 
onlv a few small islands, though Dr. Dall fails to lise such 
evidence of partial submergence in his paragraph 5. It may 
be added that these recent terraces could not date to the orig- 
inal uplift of the limestones, which even near by in places have 
beon I'nlirely denuded away. 

Willi the cited correlations of Mr. \\iughan (in paragraph 
(>». 1 knowcf no reason to di^s^-nl, but when the heights of the 
coral reefs are nu-nlionefl as occurrincr to only 40 feet, the One 
infrronce to lu- ilrawn is tliai tliis sli-lii change of level is all 
th.at i^ reo>rdi'i. while in rt:'lily 'I'viiii:: sjUTies of moUusks OC- 
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cur in beds to an elevation of 150 feet or more, as Dr. Dall 
would have seen had he referred to my work on Cuba (p. 83). 
And these fossils, from a point nearly opposite the end of 
Florida, were determined by Dr. Dall's colleague under his 
own direction. 

The first real objection, and indeed the only one, appears 
in No. 7, and it is a comfort to reply to it in place of warding 
off intangible inferences. Dr. Dall says that with an elevation 
of 5000-6000 feet the plateau of Florida would have been fur- 
rowed into canyons, of which none are seen in southern Flor- 
ida. Certainly in the very low peninsula, such do not form a 
feature. An elevation of 2100 feet would connect the islands 
with the continent, and to this amount I shall here confine 
myself. An uplift of even this, much would extend the land 
far beyond the boundaries of my critic's limitations. 

With atmospheric action on such a raised plateau, it be- 
comes dissected, with remnants intact, until the features grow 
old when only ridges and valleys are left. I had seen in the Flor- 
idian channel and its tributaries such dissection, with Florida 
one of the remnants of the original plateau. My observations 
of the erosion features of high plateaus, which are not of 
great antiquity, show that above the head of the incising val- 
leys the surface may show no depressions or only shallow 
channels. So also the canyons or deep valleys should be found 
nearer the edge of the continental sHelf than the now very low 
plains of southern Florida, to which Dr. Dall seeks to imit 
the evidence. Even here the surface has been levelled over 
by coral reefs or sand accumulations formed since any sculp- 
turing of the Floridian plateau according to my hypothesis. 
This is confirmed by professor N. S. Shaler who finds great 
changes of level as shown by the following quotations : "The 
coast line exhibits a number of flooded valleys . . . some of 
these channels . . . are now completely filled with sand plains 
. . . evidently of considerable depth. It is tolerably evident 
indeed, that if the recent deposits . . . were removed the sur- 
face of the Cretaceous and Tertiary beds would be found 
deeply scarred by gorge-like valleys."* 

The above quotation refers to the surface sculpturing, but 
professor Shaler shows in evidence of a great elevation of the 

* Bait. Geol. Soc, Am.^ toI. vI, p. 154. 
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|yrr.:n-ulii the ^xrcurrencc of deep subterranean channels in 
:;•: '] 'Ttiarv limestone. 

lb: says, after statiiijc: that the water of the subterranean 
Ar'^\nz'^i: c'^mies from considerable depths: 

'i ;.'rr»- is no way in which we can account for the exca\aiion 
'.: •:. - •■•."iterrrincan channeK . . . except by the supposition thai thry 
'*.*•:*: iruifh- as ravcrn-^ in the limc^trmc rock, with all their part? above 
t'.- rr.-i^:i hr^',* level. Wc liavc to suppose coftsiderable subsidence to 
;• ' ".♦ f'.r th':*e iiivLTted svplion-. It is. indeed, not likely that scmn-.i- 
;: i:- v.-ruf] jrivc evidence nf value as to the original horizontal plain of 
??." *'r:r, i'jT nnd:r the cxi^tin.u: conditions the channels would be till'^i 



r. •' 



]\f' further states that the water coming from depths of at 
h'a«-t f^X) feet in wells, has displaced the original salt water, 
indirating a recent elevation to at least this amount. W'e know 
of no reason why it should be so limited, as the rock favorable 
for the j>roduction of such channels reaches to an ascertained 
d«plh of ov<T 2()(K) feet. It is also well known that these lime- 
«^ton'•s favor the formal inn of subterranean drainag^e channels 
in place of canyons and valleys, thereby removing the necessity 
()i such valleys as Dr. Dall demands. 

Thus Dr. Dall's only real argument against my hypothesis 
('}i a late Tertiary or early Pleistocene connection of Florida 
and ("uba) and his own opinion that the oscillations of Flori- 
da have not exceeded 50-100 feet are not supported when the 
facts are h>oked into, nor are his conclusions sustained not- 
withstandmg the o])inions of his associates, as shown above. 
These gentlemen having been referred to, I may be permitted 
to mentimi the results (jf independent and actual workers in 
the same line of investigations as my own. 

In America, on the Pacific coast, jirofessor George David- 
son, r and on the Atlantic side Dr. ^^'arren Upham,t almost 
sinmltaneously with myself interpreted the submarine vallevs 
in the continental shelf as submerged land features. Mr. A. 
Lindenkobl* had brought 10 light the deep canyon of the Hud- 
s<»n river, showing that the region has lately been depressed 
to a much greater depth than tliat which divides Florida from 

• Id., pp. 154-105. 

+ Bull. Cat Acnd. Sci , vol. ii, ISST, pi> 20.-, nnd Ap. 13. Rcp., U. S. Cotkst 
Surv. for 1HS7 (1H89). 

t Bull. Geol. Soc. Am., vol. i, 1S.S9. pp. oo.'J 507. and in Geol. Mog, Load., 
Dec. 3, 1H9'>, vol. vii, p. 402. 
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Cuba, and yet it is cut in the continental shelf substantially 
submerged to the same depth in that region as it is off Florida 
and the islands. 

On the European side of the Atlantic, professor Edward 
Hull (the retired Director of the Geological Survey of Ireland, 
and author of the Geology of Palestine including that of the 
complex Jordan — Akabah valley) has pursued the same meth- 
ods of study and interpretation of the submarine valleys a^ 
myself, and has published numerous papers on those off the 
European coast.* One of the most important of his drowned 
valleys was discovered bv A. Saint Clair Deville. Hull's 
conclusions are supported by professor R. Ethridge, an- 
other paleontologists, who pronounces them as *' fully demon- 
strated,'' thus accepting geomorphic evidence of a land fea- 
ture without the aid of fossils. Professor Hull's conclusions 
and those of his supporters are applicable to my methods, which 
professor Hull freely recognizes, 

I shall now refer to another epoch-making work, a quarto 
monograph just published by professor Fridhjof Nansent (the 
greatest Arctic explorer), on the continental shelves and 
drowned valleys, not merely of the Arctic region, but also of 
the north Atlantic, including part of the American side. Writ- 
ing of the former elevation of some of the now sunken plains, 
he says: 

"The drowned valleys aixi fjords at many places make, this highly 
probable, and at some places . . . there seems no other feasible ex- 
planation to be found. Some drowned river valleys on the American 
side of the Atlantic seem perhaps to give still better evidence of such a 
recent elevation. . . . Although Spencer's descriptions of the drowned 
valleys (i.e. southeast coast of the U. S. and in the West Indies) may 
often be based on too few and scanty soundings .to be absolutely certain, 
there are evidently a good many submarine features in this region 
which cannot easily be otherwise explained, and which indicate vertical 
oscillations of great amplitude of the shore line as Prof. Spencer has 
pointed ouft 

Dr. Dairs long studies of the Tertiary mollusks seem to 
have made him overlook the import of the hollows and gullies 
in the older Tertiary limestones of Florida, which are more 

• In a series of papers published by the Victoria Institute (1896-1902). 

f Tbe Norwegian North Polar Expedition (1893-1896), vol. iv. (XIII •'The 
Bathymetrical features of the Nortn Polar Seas, with a Discnsfion of the 
Continental Shelres and previous Oscillations of the Shore-line" by Fridhjof 
Nansbn. Quarto, pp. 1-232. plates 1-28. Christiania, 1904). 

t Op, cit.f p. 192. 



or Ic^^ nllvi :;. M "r.-^T ..ri. uz-: =sri am=iilations. He 
has entirtly : _^^: . . -.- -: : :-- .rzr..:z :z "ne szTCerranean chan- 
nels, which :: :— -.r r^.:L--:r tr::: ::-^z^:^ L5 Tr>:f of a recent 
elevation '.f :'■..:-- :.:*l'- >.': r^i n TiSCi :f fo-ico feet given 
by Dall a> i r'lr :-.::r. ^--r-iTr^rresmr h^nse.f with the 
opinions of :::> .:" • r:.I-:.i^-:> :njsrrc»:t-:i-d bv evidence, he 
brushes asi;.-^ :~; -r z-.- rz-z^.a. : r:': :r:^^D^i TaBeys of the 
continental sr^'f " T'-.-^rT r:n-; irr-r:^: "irez:. Even in his own 
palaeontOiC^ic::'. •• rv >■: rri— z:^ ;cti :r -racercainties in the 
correlations. Ari r-e r^LS Tr:~ irrirfi ini: '"beycnd question" 
certain beds are :•:*: "irr --i^ :r 7 - .-^tTr*:* ir-i yet ihese con- 
tain a rich r/.arr.r:!! ^r: fiirM r: ir^i \lzzt ?>istcvene period 
(belonging :o tr-e r^:v:i5 V-is " 'ril-t I have now twice 
passed unnoticed r:s cr.::r.>:r5. i rrc!; 'ms become necessar}-, 
and from all the ::::r^> >-: fm- I in rrcr7^*e*i to pronounce 
that his arn^i^ar.: .::c:v/" — :r.ii :>; 'I'.i r:rr.-fct:c^ of Cuba and 
Florida is "inc.r.ctivirlc " :.-. i " .-.r.TtiT^ifrle" with facts in 
any part of F! Ti^ia — h.i.s r.:: :«c-fr. rj.sri.ir-ei by any evidence 
which he has showr.. :ir:i :r;.-xl I hiv-- :i£"e\; to find any geo- 
logical, physiographic, cr v^'.r **.:/. ;c*c^^ :ear::res incompatible 
with my general r.y:v:hcsc>. :h;-.:<h :hese rrjiy be modified in 
the future and exiero-td. Ir. ..-J'*.: */:*■: v s^err: necessarv for the 
explanation of several featv.rcs v^hich I gather from Dr. Dall: 
such as the hlied superficial cv/.iics. the change from the 
warm Oligocene to the cold Mix'cr.e waters, the Pacific types 
of the Miocene of Galvest-.n. rr.VlcTr.s ?f the bone beds, etc. 
Then a numlxT of questiLn> we :r-ii:h.t ask. such as what part 
of the system does the Miocene sh.e^t ci Florida represent? or 
where is the evidence of tlie earlier wanner epoch of the Mio- 
cene as in Furope, and how are time correlations made with 
the Arctic Miocene? This case, like otiiers, may serve to show 
that a specialist, however distinguished in his own branch, 
c.'iinioi he relied on as an authority beyond the valid evidence 
ad'hiced. 

Hining ilie ten years since writing the paper suggesting 
the eonncciii^n ••I C.'uba with Florida, much additional evidence 
bcjuing ihrrctly and inrlirectly ui)on the question has been ob- 
lainril. cnnrirming my views. 1 have also considered in the 
tnll«''t m.Muwr ilu- ])n)haM]iiy oi the submarine valleys being 

• ih.n s#. r . N f;ri>A,'. Surw. p. laa. 
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due to open faults, not sculptured by atmospheric erosion, 
without finding a vestige of possibility in such explanation. 
But this whole question will be discussed again from the evi- 
dence now obtained. 



REVIEW OF RECENT GEOLOGICAL 

LFFERATURE. . 



Geological Suney of New Jersey, Annual Report of the State Geol- 
ogist for the Year 1903. Henry B. Kummel. Pages xxxvi, 132; 
with 14 plates. Trenton, N. J., 1904. 

Besides the administrative report, noting the work of the last year, 
this volume contains the following five papers: i. Report on a pro- 
posed Tide Waterway between Bay Head and Manasquan Inlet, by C. 
C. Vermcule; 2. The Floods of Octoter, 1903, — Passaic Floods and 
their Control, by C. C. Vermeule; 3. Forest Fires in New Jersey dur- 
ing 1903, by F. R. Meier ; 4. Underground Waters of New Jersey, Wells 
drilled in 1503, by G. N. Knapp; 5. The Mineral Industry and the Ce- 
ment Industry, by S. Harbert Hamilton. 

The St. Louis Exposition commissioners for this state appropriated 
$5,000 for a geological exhibit of the state's resources, under the di- 
rection of the state geologist and S. H. Hamilton. After the close of 
the Exposition, this collection of specimens, photographs, maps, etc., 
will be placed in the State Museum. 

It is announced that Prof. R, D. Salisbury during the present year 
will begin the preparation of a monograph, for this Survey, on the 
surface geology of southern New Jersey, supplementing his previous 
Volume V of the series of Final Reports, which treats of the Glacial 
Geology, limited to the northern part of the state. This work will 
be welcomed as supplying correlation of the stages of the Glacial pe- 
riod with the stages of the Lafayette and Columbia periods, which 
have been so well studied along the southern coastal plain from New 
Jersey to the gulf of Mexico. 

During 1903 the mining of iron ore in New Jersey yielded 289,323 
tons; and of zinc ore, 279,419 tons. Iron mining is only a half or third 
of its maxima in former ye^rs,; but the zinc mining has gradually ad- 
vanced to four or five times its amount as it was six to twelve years 
ago. w. u. 

The United States Geological Sunry, its Origin, Dez'clopmcnt. Or- 
ganisation, and Operations. H. C. Rizer, Chief Clerk U. S. G. S., 
Bulletin No. 227. Pages 205; with 9 platts and 5 figures in the 
text, both series being mostly maps. Washington, 1904. 
The close of a quarter of a century of the existence of this Sur- 
vey is an opportune occasion for presenting this histor>' and review 
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C'i fa I >'/ 14 r f •' '.'■:• '.'.' rl-'.' ■■'■;. '/.■..*.••:■): .' * Mc W' n:^'S. Hexby 
A. W ■.:'•.,. ;»: ::.•.•,:*•>'•*•• ' •"- ri'-'x:-:ie crvcrs. $1.50. Chicago, 

'Jlti> i-'.('vu:n -,•••.■■•:-•■ :: >. ! k-: ■.•- ri'.T'hor. ?u: gjencri*. Other cat- 
:']-)'/\i"^ t.i Tnrt«'.r:t'- ::a'.- '«:'•:: ii'-i-v.-i. '''tt ihey are the prodiia of 
puMic or «^orji' rrii-- in-!iv:: -iiv 1 rc'ir:-cs ■'ri meteorites have [>ecn 
j;riiit'-d. bm iliry li.r.'- ';».'»/:i v.vtv ■t'l -io-cnpLioni; and discussions. No 
r:Maloj^ti(: li«.t.v .<, ni:,i>y f:i!!- •- t:::v Ibero are f :-ur **world collections'' 
of iri<-t<:orit(", iliat of tin* Iirit:-h Mu-eiini, 577 falls, (catalog^ue of 
M.'trrli, i'/>4K :li;it of \'ii'ii!Ki. 5K> :icc»r''.:ne v^ it> last catalogue (Oct., 
J</)2), lii.'it of I'.'iri-. 4^/) (ratal. jTMc «'f iS')S.>, and the Ward-Coonley 
<olI<-<-lioii, ^^».? fal;-. 

l)r. War*! ^iivo a sketch of hi- nuth'ui^ of building up this col- 
If-nio'i. It i- mainly l>y cxrhan^H*. l)iit this ha- been coupled with WDfld- 
wi^lf travrj and lilxTil |)iirrha>e. In i*'U-r years this collection increased 
j/V fall--, or 45 falN, \ut vvar. Such jjrowili. for a collection which al- 
ready « oiiiainrd 4J4 falU, "is niiprrocdcnted in the history of meteorite 

rn\\rc\'\',t\*i." 

I 111- \vf»rk do-' not ^•^•' int' the rlu-mical or mineralogical details 
of •■«>inp«isiii.'ii of any i>f the sp«.'ciincns. but pives interesting statistics 
..f «!.iir «if i.ill. wlup- described, nnnic (and its synonyms) and tax- 
gnomic clas-itication aci'ordinic t<» Urc/inii's -ystcm. The catalogue also 
inclii(l<"^ an alphalu-tical li-t of all known motcurites. with note of such 
■vntinyni-i a. .•.re nnp>.ri:;nt. aK.. a li-: ^howin^ the geographical dis- 
tiibMti'«n ,,f ;ill kn<iwn niftciritc-. ibc total number being 651. -The 
W.ii.! '".'.•nlrv tulK-ction rnibr:icc< jjo fnlK from North America, 31 
to. til 's.Mitli Amcri.'a. Ji,? iron Europe, 77 from Asia, 27 from Africa, 
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and 26 from Australasia and the Sandwich Islands. Its total weight 
is 5.509 pounds, and the average weight of all kinds is q'A pounds, the 
total number of sficcimens large and small about 1,600. 

This collection is now "on deposit" at the American Museum of 
Natural History, Central Park, New York. n. h. w. 

The traces of the mountain building process in the coasts of the Don 

river beticeen the villages Kletskaia and Trechostrovianskaia {in 

S. E. Russia) f by Alexander W. P.wlow ("Semlcvieoenie," 1902, 

N. II-III). 

The paper contains a brief description of one of the regions of the 
S. E. Russia 'Studied by the author from the geotectonic side. 

The locality in question is the extreme eastern part of the Don river, 
w^here the river sharply changes its course from the eastern direction to 
the southwestern (a little northerly of the village Trechostrovianskaia). 
The investigations of the author show, that the series of Carboniferous, 
Jurassic, Cretaceous and, probably. Tertiary rocks, developed in this 
region, are compressed into a large unsymmetrical anticlinal fold, with 
strike in a N. E. direction (about 30**). This strike in general coin- 
cides w'ith the "principal direction of the portion of Don immediately 
below the extreme eastern point of the river. Thus, the part of the 
valley (with a W — E direction) is a transversal valley, the parts with 
the NE direction form a longitudinal. 

The described fold must be regarded as an extreme western por- 
tion of the "region of the pericaspian dislocations" (of the author), 
connected with the disturbed regions on the rivers Archeda and Med- 
vieditza and perhaps with the inclined rocks near the village Tioplowka 
(in the government of Saratow) situated in the north of the city Sar- 
atow. 

The western part of the summit level of Volga- Don represents 
probably the eastern portion of the fold. 

According to the author there is no proof of the existence of any 
fault, as has been supposed by Mr. Leon Dru. If any fault exist, prob- 
ably one can find it on the summit level of Volga-Don. 

Notes on a Section across the Sierra Madre Occidental of Chihuahua 
and Sinaloa, Mexico. (Am. Inst. Min. Eng., Nov., 1901.) 
This paper contains an ideal cross section and description of the 
Sierra Madre between Parral and the Pacific coast. The results of 
these observations are new and important. It is shown that the 
Sierra Madre is not a mountain range, but a great phteau, deeply 
trenched by river canyons, and bordered westward by a great abfall, 
with a fringe of mountains carved by erosion from the edge of the 
plateau. The geologic structure shows a base of eroded Cretaceous 
shales and limestones, covered by andesitic rocks, partly lava flows, 
partly fragmental volcanic accumulations, which are cut and meta- 
morphosed by quartsmonzonyto, dioryte. and granite. The eroded 
surface of these earlier igneous rocks is covered by dacitic and rhy- 
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olitic recks, scvenl ti.:'i-in i ::-- mms. rircei ry occasional basalt 
flows. 

The rec:gn:::.n :: 1':-:;.^.- z^: ii-..: - ci? - Mex:c«? is entireiy 
new. The order c: sirriSr::- .: '.:< -^7:^ •:; rrck* :«: I^\j3des>te, the 
oldest; 2. Trach-.:- ■. I-nr:--.: -:»:ji: ^ Inrr:* :c Rhvoh-te: 6. 
Basalt. 

Harriman Alaska £-r;'ij.::.:«c -".-.aiwu- ."" J^:'CCf «**^ Paleontology. 
B. K. Emerson. Chai'*-? ?-5^^.:hz, '^Vt-oj H. Dau,, E. O. Ult 
KiCH and F. H. K>:*-r:y Ni-* Vrri. Docbleciay, Page and 
Company. Roy. Oct.. 7f. :rj. iJ x-^^ts. 

Including the Ir.:r>i»r.:;:: ly It. Gil-en ±«re are. eight "pans" 
of this volume. Dr. Paliche iizr.Lii-.z^ rs-zx-t, .-iz: General Geology, by 
B. K. Emerson. 50 pigt? : T".:* .^Jiiii- Trad well mine. Geology 
about Chicagof Ccve. ini Mi=-;r.il5. .^o ri^e^. by Charles Palache: 
Neozoic invertebrate fossils, by Williizi H. Dal'., 26 pages; Fossils and 
Age of the Yakutat forma:: :n. ry E. O. L"lrlch, 24 pages; and Fossil 
Plants from Kukak bay. by F. H. Kr.o-»l::n, 13 pages. 

The descriptions by Dr. En:ers:r. iccluie such obser\*ations on the 

structure as could be made i: the vir.:js ;"-:ints at which the cruise 

halted, supplemented by later si-iy rf the specimens collected, illus- 
trated by figures and plates. The r.ites :r. the microscopic thin sections 

are valuable and interesting — especially the nietumorphic rock described 
from St. Lawrence island in which the clastic grains of a grasrwacke arc 
intact in a paste of actinolite ntcdles. li'.e actinolite hax-ing resulted from 
alteration of the original matrix » p. 40 '. He found but little evidence 
of rocks older than the Carboniferous, while the Vancouver series of 
G. M. Dawson, of Triassic, or early Juras-ic age, plays a very im- 
portant part in the geology oi the coast ewn to Plover bay in Siberia. 
.'\ variety of igneous rocks, in which granite is common, are associated 
with these sedimentary series. 

Mr. Palachc's dc-cripiion of the Trcadwell mine supplements that i-.f 
Btvkor, and is specially full on the new workings opened between 
iS«>5 and iS<k). 1 he rock of the country is a black slate. The ore con- 
si-^t^ nf '*;i '^Diuvwhat silicificd >odium-syenyte which has been intruded 
;"s • '.irj^o (like . . . and ^ater char^'td with gold-bearing pyrite by 
niiiuMMli/ing s<>lulif)ns.'' This sycnyte is not much altered even where 
iji'KI luMi ing. It consists c-^scntially of albite with pegmatitic quartz, 
.md viihoclaso. The fiTr(iniaj!:nc>ian numerals are lost. The accesso- 
ries .Ml- apatite, titanitr ami >i»ariiin]y /ircui. The secondary products 
ar.' pyrito. abundant in sharp cry-tal?. calcite, sericitfc, epidote zoisite 
,1:1.1 --.^jKnito »:r.\ip>; of rntiU*. The walls are uniformly Mack slate, 
rNivpi til at in s.-nio places a late iniru>ive. more basic, has entered 
Ivtwrer, \W ^\envtc and tin Maek -lat--. Thi-:;, when not altered, rcsem- 
M,v »;aMv. ■. ;i;i<l -«» u w.i- '>.iire'' )\v P.-cker. The Treadwell Com- 
]:..:-.\ )\i,l nir.TTTii: SSo si. imp. . ;ii;.l ^'. eu .Mn-I:i!ig of this OfC approxi- 
y\.\*y'.\ r\\\ \ T- p- r .'ax y\ 1 -i ".ni) 

1*: r. ,'.,.. 1^0 i!e--T-^M-. -M . .^^H k\.\.\-\ \'w >'oe-;ogy of a small area at 
v'.;<ai:. 1' «x\«' whieh i ■; < pp"-;t'^ 'Ih Sh-.imasin islands, and gives a 
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geological sketch map. This region is for the most part occupied by a 
series of Eocene sediments to which he applies the name Stepovak 
series, and divides them into upper and lower. They have been con- 
siderably folded and faulted, and intruded by a laccolitic rock, a dior- 
yte porphyry te that sends off numerous radial dikes into the adjoin- 
ing sediments. The lower Stepovak beds are coarse breccias and ag- 
glomerates and fine tuffs cemented by secondary silica and by other 
alteration products, the whole plainly of pyroclastic origin, and but 
slightly fossiliferous. They are hence probably of local and perhaps 
quite restricted distribution and will be difficult to co-ordinate with 
any other igneous rock mass in Alaska. The upper beds are evidently 
of marine deposition, consisting of soft shales, sandstones and grits, 
with some thin beds of limestone and now and then a chert band. They 
are the principal rocks of the region, forming the coast line, having a 
thickness apparently of more than a thousand feet. According to Dr. 
Dall the fossils found in the Stepovak series denote the Claiborne 
(Middle Eocene) age. 

Dr. Palache describes and figures a laccoli*^h of intrusive rock in the 
Stepovak series, exposed near the summit of Chicagof peak. The in- 
trusive rock is augite-dioryte-porphyryte, dark colored, gray to green- 
ish-gray and fine-grained with porphyritic crystals of hornblende and 
labradorite, more rarely of augite. The author speaks of hornblende 
surrounding pyroxene cores, but "clearly original." From this lac- 
colith numerous radiating dikes pierce the sedimentary rocks, the pre- 
vailing type being an alkali-syenyte-porphyry, the porphyritic element 
being black hornblende, while in the groundmass are crystals of albite, 
and but rarely an insignifKant amount of quartz. Otfier dikes are pe- 
trographically named latyte, homblende-dac)rte, dioryte-aplyte, dioryte- 
porphyryte, olivine diabase and diabase porphyryte, without chemical 
analyses. 

In the section on minerals Dr. Palache enumerates all minerals seen 
by the party, not including the rock-forming minerals. He modestly 
states that this catalogue is not extensive, but it contains 33 names. 

The invertebrate fossils of the Neozoic are described by Dr. W. H. 
Dall, the oldest being those of Stepovak bay. The next higher are 
"logically" the Kenai series on the peninsula separating Port Moller 
from Herendeen -bay immediately to the westward. These are coaJ- 
bearing, and are overlain by a thinner series of Miocene age which is 
also much broken by volcanic dikes and intrusions of lava, found in 
numerous localities along the north shore of Popof island. An im- 
portant stratigraphic result of the expedition therefore is the addition 
of a fully established low^er series to the Eocene of Alaska. Of the 
Stepovak fauna there are 34 species, of which 32 species are from the 
"upper beds," and two, belonging to Modiolus and Cassis, but un- 
identifiable as a species, are from the lower, or volcanic beds, of the 
whole number eleven being described as new. 

To the Kenai, or Astoria, serie? of the Miocene Dr. Dall refers the 
fossils from the Shumagin islands, immediately south of Stepovak bay, 
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cnunicratini! im o:i!y :h:Tc z^znr.z'.y foiinj, but those previously cS.- 
lectcd by hini^vi: ..::•! .y '.ir-'Mn^k, r:uking 31 species, 16 more thtn 
formerly known. 

Certain l>ou*.Jer-c!.:> ce^ :-::> a: J'jr.eau contain Pleistocene ioiiu, 
marine invencbrare?, :. a nigh: ■;£ al>:ut 200 feet above prescn: - 
high tide, indicatir.g tu^: the l^nu then was at least 200 feet lower 
than at present axui :he clinidtic c-.-ndTiions somewhat colder. The ge- 
ological features oi th:> \:ci:'.::y have b<:en discussed by Mr. Gilbert 
in vol. iii of this series. Ther-j are 19 species of which two are net 
known in the rccer.t sia:e. 

The lossils of the Vakuta: f«. mution are discussed by Mr. Ulnch. 
They are mainly from ntar KaJiak, .n an island off the Alaskan penin- 
sula northeastward from the Shiiniagin islands^ although the name was 
given by Russell in i8«:>i to a locality near Hidden Glacier nearly 500 
miles to the eastward. These localities are bound together stratigraph- 
ically by the occurrence of a fossil of definite character, Tercbelhna 
palachei, common to them all, although there are 18 species in all, 13 
being new. Their upper Liassic age is shown by the direct evidence of 
four European species characterizirjr that age, viz: Chondrites divari- 
catus F. — O., C. alpestris Heer, Helminthopsis magna H. and H. ? 
labyrinth ica H., the latter genus being known only as Liassic The most 
of the fossils are fucoids. 

F. H. Knowlton describes the fossil plants from Kukak bay situated 
a little north of west from Kadiak island, of which he enumerates 26, 
amongst which the confers and the birches pre\-ail. He describes nine 
new forms, seven are not named specifically being branchlets, seeds, 
scales, etc., leaving ten species previously known. Without hesitation 
they are referred to the upper Eocene. 

The expedition was an excursion, but with the experienced geolo- 
gists who composed the party there could hardly be a failure to gather 
important scientific data. The puhlished volumes bear testimony to the 
industry with which they studied the regions where the temporary camps 
were made, and to the skill and learning with which the data are 
discussed. It is not an exhaustive treatise on the geology of the 
coasts of Alaska, but it is exhaustive and conclusive on the questions 
presented for discussion. Its authority will stand probably unimpaired 
by future observations, and it will have to l)e consulted by future 
geologists who attempt to add to the geology of Alaska. K. h. w. 
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OF AMERICAN GEOLOGICAL UTERATURE 
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ABBOTT, C. C. 

On the occurrence of Artifacts beneath a deposit of clay. (Proc. 
Am. Phil. Soc. vol. 43, p. 161, April, 1904.) 

ANONYMOUS. 

Economic geology of New York. Handbook, pp. 40, N. Y. State 
Museum, Albany, 1904. 

ANONYMOUS. 

Assignments of employes, season of 1904. U. S. G. S., Handbook, 
Washington, 1904, pp. 105. 

BABCOCK, E. N. (and JESSIE MINOR). 

The Graydon sandstone and its mineral waters. (Bull. Brad. 
Geol. Field Sta., vol. 1, pp. 22-31, 1904.) 

BARLOW, A. E. 

The Temagaml district. (Sum. Rep. Geol. Sur. Can., 1903, pp. 
120-133.) 

BASKERVILLE, C. (and GEO. F. KUNZ). 

Kunzite and its unique properties. (Am. Jour. Sci., vol. 18, p. 25,' 
July, 1904.) 

BASSLER, R. S. (E. O. ULRICH and). 

A revision of paleozoic Bryozoa. (Smith. Misc. Col., vol. 45, pp. 
256-295. 4 plates, Apr. 11, 1904.) 

BEECHER, C. E. 

Note on a new Permian Xiphosuran from Kansas. (Am. Jour. 
Sol., vol. 18, p. 23, July. 1904.) 

BEEDE, J. W. (C. 8. PROSSER and). 

Description of the Cottonwood Falls quadrangle. U. S. G. S., 
Folio 109, 1904. 

BELL, ROBERT. 

Summary report of the geological survey department of Canada 
for the calendar year 1903. 218 pp., Ottawa, 1904. 

BERR?, E. W. 

A notable paleobotanical discovery. (Science, vol. 20, p. 56, 
July 8, 1904.) 

BISHOP, IRVING P. 

Economic geology of western New York. (22 Rep. N. Y. State 
Geologist, pp. 42-75.) 

BREZINA, ARISTIDE6. 

The arrangement of collections of meteorites. (Proc. Am. Phil. 
Soc. vol. 43, pp. 211-246, 7 plates, Apr., 1904.) 

BRIGHAM, A. P. 

The geographic importance of the Louisiana purchase. (Jour. 
Geog.. vol. 3. pp. 243*261. June, 1904.) 
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BROADHEAD, G. C. 

Surface deposits of western Missouri and Kansas. (Am. GeoL, 
vol. 34, p. 66, July, 1904.> 

BROCK, R. W. 

The Lardeau district. (Sum. Rep. iSeol. Sur. Can., 1903, pp. 42- 
81.) 

BROCK, R. W. (R. G. McCONNELL and). 

The great landslide at Frank. Alberta. (Ann. Rep. I>ept, Int.. 
1903, Ext. from Part VIII. pp. 17. 13 plates. Ottawa. 1904.) 

BROOKS, A. H. 

The investiiaration of Alaska's mineral wealth. (Trans. Am. Inst 
Min. Eng., LAke Superior Meeting, Sept., 1904. 20 pp.) 

CHALMERS, R. 

Surface geology* of the southern part of the province of Que- 
bec. (Sum. Rep. Geol. Sur. Can., 1903, pp. 140-143.) 

CLARKE, F. W. 

Analyses of rocks, from the laboratory of the United States 
Geological Survey, 1880 to 1903. Bull. 228, U. S. G. S., pp. 375, 1904. 

CLARKE, JOHN M. 

Charles Emerson Beecher. [Portrait.] (Am. Geologrist. vol. 34. 
p. 1, July, 1904.) 

COLLIER, A. J. 

The tin deposit.*? of the York region. Alaska. Bull. IT. S. G. S. 
No. 229, pp. 61, 1904. 

DALY, R. A. 

Geolog>' of the International boundary. (Sum. Rep. Geol. Sur. 
Can., 1903, pp. 91-100.) 

DARTON, N. H. 

Surface and climate of the Loui.siana purchase. (Jour. Geog., 
vol. 3, pp. 251-261, June, 1904.) 

DARTON, N. H. 

Description of the Newcastle quadrangle. U. S. G. S., Folio 107, 
1904. 

DARTON, N. H. 

Preliminary report on the geolo;?y and water resources of Ne- 
braska west of the one hundred an«l third meridian. U. S. G. S., 
Prof. Pap. 17, pp. 69, 43 plates, 1903. 

DAVIS. R. O. E. 

Analysis of kunziie. (Am. Jour. Sci.. vol. 18, p. 29, July. 1904.) 
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The Tenth Meeting of the Lake Superior Mining 
Institute will he held Aug. i6, 17, and 18 at Iron wood, 
Mich. There will he an excursion to Milwaukee and Cliicago. 
It promises to present a very interesting and valuable pro- 
gram. 

According to Dr. J. C. Branner the **stone reefs" of 
the Brazilian coast are entirely distinct from coral reefs, and 
are due to lithification of beach sands in place — consolidated 
sand approaching quartzyte. Their existence forms niany of 
the harbors on which are important cities. They usually are 
nearer the land than the coral reefs whenever both occu" at 
the same place. They are flat-topped and flush with the sur- 
face of the sea at high tide. 

According to Professor H. F. Osborn there are in the 
American Museum of Natural History remains representing 
upwards of 770 specimens of fossil horses. In 1900 "a herd" 
of six Pleistocene horses were discovered belonging to the 
new species E quits scotti. Explorations have demonstrated 
the existence of two and probably three collateral lines of 
horses contemporaneous with the Protohippus line which is 
regarded as the lineal ancestor of the true horse. 

Mr. Charles Schuciiert, Assistant Curator, Division of 
Stratigraphic Paleontology in the U. S. National Museum! 
since 1894, has been appointed Curator of the Geological Col- 
lections in the Peabody Museum and Professor of Paleon- 
tology in Yale L'niversity. also Professor of Historical Geol- 
ogy and member of the Governing Board of Sheffield Scien- 
tific School, succeeding the late professor Charles Emerson 
Beecher. 

. During his period of service in Washington Mr. Schuchert 
has shown himself more than usually efficient, and his loss 
will be deeply felt. 

Professor Schuchert's address after September ist will be 
New Haven, Connecticut. 

Amv(;dal()id in Manitoba. According to the last **Sum- 
mary report'* of the Canadian Geological Survey (for 1903) 
outcrops of copper-bearing amygdaloid have been discovered 
on lake Manitoba in Manitoba. The strike seems to run SE 
and N\V, rising about ten feet above the general level of the 
plain with an apparent slight di]) toward the west in which di- 
rection they run imder almost horizontal beds of gypsum. 
"Cavities near the surfncc are nearly always empty and lined 
with a coating of white substance, (UTasionally they are filled 
with greenish earth or with crystals of zeolites. Small parti- 
cles of copper can be seen with the microscope and some 
co]iper carbonate. Small areas of jasper conglomerate are 
associated with the amygdaloid, but their relative position is 
uncertain.'' 
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THEyORBICULAR GABBRO OF DEHESA, 

CALIFORNIA.* 

By H. H. Kbssi.kk nnil \V. K. Hamilton, 
Stanford VniTcrsity, Cal. 

PLATKS VI- X. 

Occurrence. The rock whicli forms the subject uf this pa- 
per was first- found in 1901, as a small piece nl rioat. Ix^side ihe 
road, near Dehesa, by Mr. Marion Powers. This specimen 
was sent to professor A. C. Lawson at the Univer>ily of Cali- 
fornia and was discussed l)y him in a brief pajK-r behrc the 
Cordilleran Section of the Geological Society of America, at 
its meeting of December. 1901-''' Since the work <>f prepara- 
tion of the present paper has been c«nn])leted, there has c(^me 
from tlie press, a paper by profess- )r F.aw.son on tlie same sub- 
ject. $ 

The orbicular gabbro occurs in a h«>-s of LrahlMJi which 
broke through the surroundnig i^ranite and which forms nearly 
the whole of the first hill which rise.s to the iMrt-iwest of TX^- 
hesa post oflftce. This hill is very steej) and ri<es !«• an ele- 
vation of 1800 feet above sea U-vel and i^V)o feet aln ee the 
Sweetwater river, ^vhich flows at the base. 

The locality is on the F.l Cai'.!i slien « f ilu- I'. S. (Icl. 
Survey, the exact locality bein<; Ij'Uil;. it^/ 5J' \\ ., [.at. X. 
32' 47'. Tills gabbru 1m.»ss lia> an ari-;: nf aj»i>rM\iniali ly one 



* Tbc an thorn are indebted to I'r.J. I'. SmiOi, ni St.itifDrrI I'lii . «ri«4ii\ , i.n 
advice and assistance. 

t On an Orhicalar Gabhro from S:ni I'ii l;i> Co., e:i1.. lr\ Aniivi v. C.i.aw- 
•OR. Berkeley, Calif. .Science. r.N'cw StricM. vi'l. \v, p. -H ;" 

t The Orhicalar Gahbm at f.ichi'Mi, S.jn Iiii^:o Ck , C.mI.. lr\ a.m.kh\\ e. 
LawhOK. Bull. Dept. Grot. I'nir. C:il.. vol. iii. No. 17. Mnioli. 1 D" i . , 'jiu- 
^irriteri had bein>n preparation f>f this ]in]HT bi ton- tli(,\ kiu-w th.-it tlu p.'iixr 
of PaOF. Lawiok was beinK prepared. ) 
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square mile. Over only a small area, which is near the cen- 
tre, are the orbicular rocks found. About two per cent of the 
boulders in the small area, show the orbicular structure. 

Geological relations. The f^^ranitc through which the gab- 
bro has broken is, with slight variations in petrographical 
character, continuous over a large .part of San Diego Co. 
Fairbanks* has done some work on the region and he men- 
tions many phases of the crystalline rocks, but- no detailed 
petrographic or chemical analyses have been made of the 
rocks in the locality. 

The granite is evidently older than the gabbro. There 
is no fusion contact visible. The contact can be easily traced 
on the surfaC'e and is often found to lie in small water courses, 
showmg less resistance to erosion. The gabbro is fresh thoujjh 
considerably shattered, and exists as huge angular boulders 
lying in irregular hea])s and as isolated masses. In no place 
can it be found iti a hwirc. mass iti^ situ. The mass was evident- 
ly consolidated before the uplift, and shattered during that 
interval. r.)wing to this shattering of the gabbro mass, the 
boulders of orbicular gabbro have been isolated. The wiiter 
sjient sevrral days examining the area and in no place could 
the orbicular rocks be found in place. It is evident from an 
examination of the Ixjulders, that the orbicular portion oc- 
curred in the original mass as a dyke, the character of the gab- 
bro un either side being identical. In .some of th.e largt-r boul- 
ders it is found as a dyke, trom one to eight feet in thickness. 
In ^iich cases tlie line between the orbicular portion and the 
barren ])f«rti(=Tis of the rock is -clearly defined. Xo orbicular 
mck^ \\\rc found at any ])lace nearer than 400 feet from the 
contact wiili ihc granite, so it is probably not a contact phe- 

u\'iu'f\il I 'ctrf>[:;rcil'liiL Characteristics, 

The Jioni!,jI i::ahhro. The main body of the boss is made 
u]) of a c<'arsrly crystalline, mesocratic, hornblende g«ibbro. 
riic texiurr varies from microcry>talline to coarsely granitic, 
witii l:iri^«' cr\sials 10 u\u\. iri 13 n.m. in diameter. The most 
noral.''r jieir. :.L:ra]>]iic feature is the ])ro fusion of these horn- 
l.'len.le cr\st;ii>. I)ykes ct s<'grei;ation veins, two to ten inches 

• IJth Ann. Kci>urt ot' the Cat State Minni^ Ilureau, 1893, pp. 76-120. 
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in thickness arc seen in many places, made up almost entirely 
of black hornblende crystals. Some of these h(»rnblon(les 
were noted nearly four inches in length. -They seem to be well 
distributed over the gabbro area. 

A peculiar wavy banding is often seen in the gabbro b Hil- 
ders. It is made up of alternate layers of lij^ht an<l dark min- 
erals, the band usually continuous in width, (U'Si)ite its undulat- 
ing arrangement. This appears to be fluxion structure. 

The principal constituents nf the ga])bro are: plagit»clase, 
hornblende, olivine, hypersthenc and oxide of iron. 

The feldspar usually ])rednminales. tlicuj^h the hornblende, 
owing to its resistance t«> weatheriniif, is tlu- nmsl jirnniinent 
on the weathered surface. The extinction angles (U" die fdd- 
spar vary 2<i'" to 40"', measured frn;n albite lamellre. Twinning 
after the (7//>/7t' and pcrichuc laws is oMunidn. 'I'he twins of- 
ten show evidence of crushinj; — fraying nut or ending abrupt- 
ly. In some hand s])ecimens the feldspar contains inclusions 
of olivines. In others the oliviuis contain the feldsprns as in- 
clusions. The former oCv:urrcnce is tlie more freciutnilv riMii-d. 

The hornblende is of the linnvn basaltic type. I'Aiinclions 
c/\c as high as 16" have been n<.»ted. It has a ^tn.n^ pleo- 
chroism, brown t<i yellowish. A cleavage anisic 'f 1 _\v was 
noted in the hand S]Kcimen. 

Dlivine is usually viry fn-sli. but in thin x'c^tinns taken 
from near the surface a gri\il varii'ty of dec" ■nijMisitji.n pro- 
ducts are seen. IIornbKiule, actmolite, trun< h'tr, chlnrite, 
iddingsite, serpentine. limr»mte. and an unidentifu-jl memb.-r of 
the sodalite group, were noted as secnndary to nlivinr. 

Ilypersthene is usually jiartially uralitrd, t Tiouj^h «»f ?he 
original hypersthenc usually being left to si'.ow the origin of 
the amphibole. In one si-ctit-n the hyp(■r^th^ile \va^ ahnost 
completely enveloped in a neiw«jrk <\i magnetite. In \\w same 
section the olivines are alxi seen lo have similar inclusions. 
This phenomenon was ])robab]y causcl b\- the ])risuu«- .'i' a 
superabundance of iron wlun the fcrro-niagnesirni niinrral 
crystallized. The pleochmi^m <^\ the h\ j)ir>lhent' is di-^tinct, 
green to pink. 

Diallagc is almost entirely absent. In (»nly <»n(' tliin M-otion 
was it noted and in that its identity was not verv cKarl\ es- 
tablished. 
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The orbicular rocks. Three distinct varieties of orbicular 
structure were noted: one showing neither concentric nor 
radial structure; another showing concentric, but not radial 
structure; and a third showing both concentric and radial 
structure. 

The first variety was noted in onlv the most weathered 
rocks. It was found farthest up the hillside, the highest boul- 
der being found about 400 feet from the summit, on the south 
side. It consists of seemingly homogeneous balls which stand 
out on the weathered surface as balls instead of being seen as 
rings, such as the other two varieties show. A fracture of the 
rock merely separates the balls, showing them to be more re- 
sistant than the matrix. The balls are made up of finer cr>'stals 
than the material surrounding them. They are usually about 
30 mm. in diameter, but one was found three inches in diam- 
eter. In places on the surface of the ground these spheroids 
are found to be so plentiful as to give the appearance of w-ater- 
worn i)cbbles. In the spheroids of this variety the feldspars 
show evidence of crushing. The olivines occur in rounded 
grains. There is no development noted, either toward con- 
centric or toward radial structure. 

The second variety, of which the largest part of the obi- 
cular boulders is composed, consists of an outer ring of feld- 
spar 3 mm. to 4 mm. in thickness and about 40 mm. in diam- 
eter (IMs. \TI1 and IX). T\\\s surrounds a nucleus which is 
seemingly liitle difTcrcnt from the outer matrix. In the cen- 
ter is frniiid a s])onge-like bunch of feldspars. The feldspars 
in the outer zone have no rec:ular orientation. Concentric 
^inu^< of olivine are seen, but otherwise the zone is composed 
of fckKpar entirely. 

The spheroids are usually round, but are sometimes flat- 
tetucl. In Micli cases the feldspars show evidence of crushing, 
denotinjiC thiit movement of tlie mass took place after consoli- 
dation. Tlure is no sutriresiion of radial structure in this 
varirty of spheroid. There seems to be no regularity of orien- 
tatii.'ii ii: any « f iIk- ic]il>p:n-^. (iMg. U, PI. V). The feldspars 
usually avirap^e about 0.4 mm. to 0.5 nmi. in diameter. The 
lino Ix'iwx'^n tliis outer feUUpar zone, or periphery, and the 
darker minerals iA tlie matrix, is clearly defined as is the line 
between the zone and ilic nucleus. 
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This rock has generally a greenish color from the super- 
abundance of green decomposition products of olivine and hy- 
persthene. In the field, rcKks were noted with this variety of 
spheroid and with dykes of hornblendic material cutting 
through the orbicular portion, and with the hornblendic por- 
tion itself orbicular. 

The third varietv is the rarest of the three. This one is of 
the same type as the one described in professor Lawson's pa- 
per. The outer zone has a distil km radial and concentric struc- 
ture (Fig. B, PI. V and I'l. X). It is nuich wiilcr than the 
corresi)onding zone in the second variety, being about 12 mm. 
to 15 mm. in thickness and about C>o mm. in diameter. The 
spheroids are best seen on a weathered or a ])()lished surface. 
From an examination of the hand-sjKcimen. the nbserver 
would suppose the orientation of the feldspars to lie radial. 
Upon a microscopical examination of a thin section, however, 
the radial appearance is seen u^ be due to radiating olivines, 
whereas no definite orientation whativrr has been noted in 
the feldspars. The nucleus is made up of about erjual (|uanti- 
ties of light and dark minerals, with the dark hornblende- pre- 
dominating. Feldspars are f«iund in tho nucleus as inclusions 
in hornblende (Fig. A. 1*1. \'II ). Where it occurs as such it has 
a corroded surface and a roundish outline, probably showing 
that there was a partial resolution nf the fcl(Ki)ars in the orig- 
inal fluid magma. These corroded fcl(ls])ars aj^pear snow- 
white when seen in the hand-specinu-n. 

The feldspars give extincti(Mi angles which vary from 2'/'' 
to 40*. measured from the albite lamell.e. Tn die hand-speci- 
men they often show iridescence, showing a beautiful play of 
colors similar to that seen in the typical labradorite. Their 
average size is about 0.22 mm. in diameter. 

The olivines are long, latlu-shapetl agi^reL^ates varying: in 
width from 0.03 mm. to 0.20 mm. and in length from (x8 mm. 
to K4 mm. At certain intervals can be >een concentric rings 
in which the olivine is lacking (Fig. P», PI. V'Hi. These rings 
are about 0.06 mm. in width. Tlie olivines nearly all contain 
minute inclusions of feldspar averaging about (>.o(V» mm. in 
diameter. This shows that the l'el(ls])ars already existed as 
such when the radial arrangement of the olivines took plr.oo. 
The olivine is very fresh and has hiirh interfirinvH colors. 
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The relief is high (Fig. B, PL VII). The only alteration pro- 
ducts noted are serpentine and occasionally hornblende. 

Hypersthene occurs in irregular patches associated with 
olivine and magnetit^. Pleochroism is distinct, pale greenish 
to pink. The extinction is always parallel to the pinacoidal 
cleavages. 

Hornblende is very common in this rock, both in the nu- 
cleus and in the matrix which separates the spheroids. The 
black minerals are well shown in the figure of the hand spec- 
imen. 

The periphery merges into the surrounding rockmass. 
There is no abrupt change in the preceding variety. The 
change from the radial zone to the nucleus is also gradual. 

Chemical Properties. 

One partial analysis was made of the obicular gabbro of 
the third variety. Samples were taken from all parts of the 
fresh surface. The sample was made to represent, as nearly 
as possible, the entire composition of the rock. With this 
analysis are given, for comparison, the analysis of a spheroid 
given by professor Lawson*, and a partial analysis of an 
orbicular norvte from Plumas Co., Cal., described bv Mr. H. 
W. Turner. t These are seen below: 



SiO, 

A1:0» 

FeO 

FcCh 

CnO 

MgO 

Na.O 

K.0 

I. Orbicular gabbro, Dt-hcsa. Horowitz, analyst. 
II. SplKToid of orbicular gabbro, Dcbcsa. Howson, analyst. 
IIT.Orbiiiil.ir norytc, Pluinas Co. Stcii?,cr, analyst. 

A rDinparison of T and II docs not show any great change 
in the ohciiiical contents iKtwoen tlic sj)heroid and the matrix. 
TJKit iho iD.'itrix is hii^^hcr in SiO.. mav be due to the fact that 
the liornblendc preilominalcs, while in the spheroid the feld- 
spar piv^lcniinatos. The oalcinm and magnesium are practi- 

• i.tK-. Lit.. !#. :;it4-. 

+ ITih Ann. Kept., V. S. Gtnl. Siirv., p. <V4.2. 
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cally the same in both. This similarity in chemical composi- 
tion seems to denote that the cause which set about the form- 
ation of the spheroids was not a chemical phenomenon. 

Other Occurrences. 

Orbicular g^nites have been noted in many localities, no- 
tably from Slatmossa, Sweden.* Also from Fonni, Sardinia.t 

An orbicular granite was described from Quonochontogue 
Beach, Rhode Island, by J. F. Kemp. J 

This quite closely resembles an appearance, the second va- 
riety of spheroid from Dehesa. Another occurrence is de- 
scribed by Hatch, from Mulaghderg, Ireland. § This resem- 
bles the orbicular diorvtc of Corsica much more closelv than 
does the gabbro of San Diego, the radial structure being very 
pronounced. Spheroids in the granites of Sweden were de- 
scribed by Brogger and Backstrr>m. !l 

A nodular granite from Ontario, has been described by 
F. D. Adams. f This differs from other orbicular granites 
in that there is no pronounced radial or concentric structure. 
The same is true of the "pudding*' or "prune" granite of Ver- 
mont. ° 

Orbicular dioryte is represented best in the tyj)C locality, 
Corsica. It w^as described by Vogelsang.** Another example 
was reported from Rattlesnake J^ar, l^ldorado Co., Cal., by 
Vom Rath.***A specimen from this locality may be seen in 
the California State Mining Bureau Museum in San Francis- 
co, Cal. 

Orbicular gabbros have been renorted from Romsas, Xor- 
wav bv ChrustschoflF,°°ind from Willow creek, Cal., bv H. W. 
Turner. tt This is described as an **orbicular rock .which con- 
tains olivine and iron ore with much rhombic i)yroxenes and 

* Sitznnffsber. d. oeiderrtaeln. Gcs., Dec. 1874. p. 20(3. Also Kept. Smith- 
toalan last., 1900, pp. 50, pi. 6. 

t **Snr lea nodales de la Granltite de Oh«9ton;u prcM Fonni (Sardaique)" 
Bail. delB. Soc. Min,, France, tome X (1)SH7). pp. ^7-03. 

t Trmas. N. Y. Acad. Sc/.. vol. xii, pp. 140-144. PI. XI. lb94. 

f Qamr.Jour. Geol. S9c., toI. xMv, p. 54s. 

n Geol. Porcm, Stockl. Forhandl., No. lio, Dd. ix. Haft. 5. p. 307. 

f Bull. Geol. Soc. America, vol. ix, 189S, p. UMi. 

*> Geol, of Vermoatf vol. ii, p. 564, 1 SHI . 

** SitMung^ber. d, nelderrhein. Ges., 1862. vol. x\x, p. l.s.»». 

••• SItMungaber. d. nelderrhein. Ges. zu Itnnn, 1 sst, p. 2«.k>. 

*'^ Bnber holocjrntalline macrovariulitische Ocsteinc, vox Dr. K. von 
Chbuitschopf, St. Petersburg. 

tt l*tb Ann. Rept. U. S. Geol. Surv., p. 474. Also 17tli Ann. Rcpt. U. S 
Geol. Surr., p. 642, PI. XXX. 
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anorthite, but the average rock of the area is a normal gabbro 
composed of monoclinic pyroxene, brown hornblende and bas- 
ic plagioclase. In some specimens there are large porphyitic 
hornblendes more than an inch long/* Except for the mono- 
clinic pyroxenes, the noryte of Willow Creek is very similar 
to that of Dehesa. A partial analysis of the former shows a 
close resemblance to an analysis of the latter. 

Dr. Chrnstschoflf, who has made a study of many f:irnis 
of nodules in crystalline rocks, has divided them into four 
classes : 

1. Concentric, spheroidal and concretionary grow^ths about 
foreign inclusions. 

2. Xodular growths about fragments of secretions or in- 
clusions which latter are often partially or wholly redissolved. 

3. (Iroups of so-called pudding granites where the struc- 
ture is due to a simple concretionary action, set up in the mag- 
ma durini:: its normal crvstallization. 

4. Primary structural fonns of the magma or endomor- 
pliic C'lntaot products."' 

^rhc explanation of \'ogelsang,*f in his discussion of the 

diorylc i^i Corsica, is as follows: 

"Wlicii a niMlicii inaLniia con^nlidatc^. an irregular (unfifelcichmas- 
si^) coc'ling ni:iy ppulucc greater contraction of the mass ai certain 
prniit>: and ilii< may Ic.ul hit-.r tjn tu a spheroidal separation. If tlr.'^ 
condiii'-n i> .Mrriwd at after tlj- i)":)int of confolidation of the several 
mineral> ha- lieen i)air>cd, and, therefore after their separ?.tion is com- 
I)Iete. we tisi. in<le-.d, a cnp.eeiitrically laminated body, but one without 
definite arraii.^onieiit of the con.^tituent^ : this is the well known si)her- 
oidal structure of many eruptive rocks. If on the other hand, tho 
tendency t-.' form <^pheroids is dcvel«»pod during the ])eriod in which n 
differentiatinu of the magma into its various minerals can still take 
place, tile I'lttcr will undergo a definite arrangement with regard to 
the ceiitr.il ixjint." 

It would Seem that we have the two cases represented in the 
forms of f.irbicular gabbro from San Diego. The fact, how- 
ever, that the boulders are n(H in place, makes it impossible 
to conjecture on the jiosition of the dilTerent varieties with lef- 
erence to the c«ioling surfnce. It i> evident that the conditions 
were ih t iIk- >ame when the different varieties were formed. 



• Mrnioin* k\i\. Airulennc Impcrinlc dc8 Science* dc St. Petcrabour^. VII 
Scries, ti»nif xli«. St}, i'.. Mjuoictl frtun I*. TK An^Ms' paper, the onurinial by Dr. 
Chkutsciioi I i"* iK^t ;icccssib1c tn the writers. 1 

+ Loc. cit. 
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TECTONIC GEOGRAPHY OF EASTERN ASIA. 

II. 

RcTicws and Translations by William Hkriirrt IIodrs, 

Madison, Win. 

In an earlier article* has been summarized the first of a 
scries of three papers by Baron von Richthofen, dealings with 
the geoniorphology of eastern Asia.f It was shown by this 
authority that the course of the mountain ranges which rise 
abruptly to form the western margin i^i the coast j)lains of 
eastern Asia, extend in a series ai zigzags made up of merid- 
ional and equatorial components, and that these ranges form 
the boundary of the high plateau to the westward which is 
separated into crustal blocks whose appmximate dimensions 
are given by the zigzags themselves. Tlic general direction (;t 
the series of zigzags is that of a great circle v/hose course is 
about parallel to the general trend of the coast line, the broken 
crescents formed by the blending of the meridional with the 
equatorial com])onents being always convex towards the (^cean. 
The elements of the zigzags are found to correspond in posi- 
tion to nonnal faults of large throw, the orographic blocks 
which they outline being always downthrown on the eastern, 
convex, or ocean side. 

In the second of the series of ])a])ers5:, von Richthofen shows 
thai the scalloped eastern boundary of the luirasian continent, 
while parallel to the mountain ranges near the coast is not an 
expression of their folding. ( )f the morph«jlogical relations 
he savs : 

(a) The series t^f crescent-shaped maryiiKil /ones of crustal blocks 
convex to the southeastward which run thmniih continental east A«;ia 
from the peninsula of 'J'schuktschen to the northwest of Tongkinp^, and are 
chamcterizeQ throughout the entire line by the <inkintr in of those por- 
tions of the earth's crust which lie to tlic ea-^twanl, arc followed in 
the direction of the ocean hy a sec« lud strict of iMmoloejousIy consti- 
tuted crescentic blocks which .form the oceanic l)or(ler (>f eastern Asia. 
The parts of the earth's crust which arc hmken (l«'\vn alon^ thoni lie 
to the eastward in the bottoms of the -ica-. On the Stnnowoi coast the 



* This Journal, Attfirn*t. 1904. 

t PRRDINAND Prkihbrr VON RiCHTMOKKN. Ilxr (;estalt und (^liedemnj? 
einer Grandlinie in der Morpholo>;;ic Ost-Asims. Sit/iit)ii;cr)jer. d . k. prcusN. Akuil. 
d. WUft. z. Berlin, toI. xxxiz, 190O, pp. MS^.o^n. 

X Pbrdikand Frbihbrr von RiciiTiiorK.N. (^.coinorpholopiKchr Studicn aus 
Ostasien. II. Geatalt und Gleideruns dcr dstuvi.'itiKc-licn' KuHtcnboKrn. Sit- 
mngtihtr. d. k. preuM, Akad. d. Wiss. z, Berlin, vol. xxxvi. IDOl, p)). 782-S0><. 
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rvn riT-ts :f rr;^:*r-.- fi.' r: garner. 2?r rhe 5«a extends inward to 
±e fn 1.:.= f :r:e nr— r -c— •ti. Tie =«a&tr- of the >econd series 
finnir^ ---:< miirzrnu- :— :r "f ±e r:nr:ne:t. be«:n at Cape St. Alexan- 
der 11:5a" : = ' y. iri znrx'.rjizi n CopT: 5c Jacques in 10" 40' N. The 
islarc :r?io=:c5 v iic: r:r. r-t !:••'-? -*e sea, belong in a series still furth- 
er r: sCiTB'ari ir: r:*i r-m^.'rx :f :he easi Asiatic depressions contin- 
■je-1 renei± the ?=a in-: r^r Tisr^ "re r-T-c :nly an occasional mention, 

"? If :ne rik-i n:: ::nf: i^rinrn the ccast line represented upon 
ziaps IS in iriv-Vcin^ r-rTztir I:-e :f the steep wal! bounding the in- 
divviua* hl-.cks. t::-r- -.s .-■h.cit:^! *:y it in the sharpest manner the gen- 
eral f rrrr: as •v^V. is -t^zr. r!«:;-::-.:aI ifvts:-:!: irr it. Furthermore the sculp- 
ture c: the rrast —a:" re r^: irrru-i-: ::t the exist line. Four great coast 
crescents appear ::it:nc:.y Th-iy hav:: been designated above as the 
Tiingusiin. the K:rear. the O tiese. ard the Annamitic. The third 
and fourth are c:rr:p '.•;::?>.■ :!:se'i: the first has a small gap to be ex- 
plained by local su'TrrtervLerrc^ : the third is only retained in one frag- 
ment. We have venn:reii t: c-mpiete i: hypothctically through inter- 
p«.>lation, according to the scheme indicated by the interior and the 
coastal crescents. 

ic) The lir.ea! form •: t each individual crescent of this coast series 
approaches more the f ?rr:; of a circle than is the case with the interior 
crustal blocks. In the case of each of the latter there could be recog- 
nized two extendeil arms of crescentic form joined to one another, 
which can be considered as the meridional and equatorial arms. From 
the Aldan range to Yunnan an approximate parallelism controls these 
two elements in so tar as the meridional stretches follow the mean di- 
rection X. to X.E.. and the equatorial are controlled by the Sinian 
direction W-S.W. to E.X.E. In the case of the coastal crescents the 
analog>' because of the similar designation may be retained, but with 
the modification that rectilinear stretches of coast of more than 200 kil- 
ometers are rare, while the convex curvature in the direction of the sea 
obtains in all parts : also with the further modification that each indi- 
vidual coast cresccr.t has a much greater individuality respecting its in- 
clination to the meridian, that is to say. the air line of its beginning and 
end portions. In form and iti position in reference to the continent, the 
crescents are not equal. They may be separated into two groups, and 
from two points of view : ff^r <iimilarly constituted are the Tungusian 
and the Chinoso croscnit- r»n the one hand, the Korean and the Anna- 
mitic on the otlier. Tlie xwo former represent, if one glances at the 
croneral torni of e'lstcrn Asia. tojLietlier with the great double Stanowoi 
ci'M'cnt. the tundnnu-ni.il nnrv;iti:«l line of the continent; while the two 
..T;u'r< t^-^etluT Willi Kainvlrttka <iiiioini(l projecting peninsulas from 
tlu' main I'oilv . Tlv- reKii!.-!» i- ^t'll .lovihitnl and will here be left nnt 
.^f v--'",<i'!rv ,t-'^n. :\> K.»riu"'<..'K.-, I's.- -.t'l! t'.'e S.E. front ran^e of north 
Smtvw."" w'.I' :'.y< '■«• .'-'.vM' .•" • i-M<.>i.'i ' it'on. because of insufficient 
k:vN\ \*.'^.- .■■' t!r-'- -:i ;•.■:■,•.' ■• 

,,»\ i"'.j. \\." N. .-r- ■ ■."■ <\\ ■•■••.'. I''. V •■! a block enclosed 

w • •' . u u'\' ■< somewhat more de- 
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pressed than the other parts of the East Asian steps formerly designat- 
ed as coastal. 

(e) The general form of the interior land blocks lying to the north 
of the Tsinling mountains, which is conditioned through the general 
rise of the included land surface in the direction of a more highly 
elevated border, and the shorter descent, probably depending upon step 
faulting toward the seaward, is represented in the Tangusian and Kor- 
ean marginal blocks. The marginal bulging up is lacking to the Chi- 
nese crescent, but is present on tlie other hand in the meridional part 
of the Annamitic 

The general arrangement of each individual coast crescent is inde- 
pendent of the internal structure as has already been set forth as true 
of the interior land blocks. But the proportion is a special one in the 
case of each crescent. 

MANNER AND ACE OF THE TECTONIC MOVEMENT. 

Ca) As little as the crescents of the interior series do the exterior 
ones correspond morphologically and tectonically with the folding and 
overthrusting of the connected mountain scallops upon the convex side, 
though in their linear outlines they more resemble them than those of 
the former series. In the case of the Tungusian crescent it is not 
proven that very old, perhaps even Archean. ioMs do not stand in some 
relation with its position ; but on the one hand parts of it cut too sharp- 
ly through the axes of folds in order to bring both into complete caus- 
al connection.; on the other hand it is only one member of a scries of 
externally homologous structures whose form must be referred to a 
similar action of forces. Since now in the case of the other three cres- 
cents a correspondence with the internal structure cannot be made out, 
we may measure with it the fact that in the case of the Tungusian 
crescent such a correspondence is in part present, as having a secondary 
significance only. 

(c) The continental mass of eastern Asia may be considered to 
have been depressed in great block*;. Two of these are distinctly indi- 
cated through widely extended crescentic lines in sections depending 
upon the formation of fractures. The one cause of the phenomenon is 
to be sought in the combination of two systems of tcnsional forces of 
which one was directed eastwards, the other southwards. 

If we seek for the cause for the development uf the ea^twardly di- 
rected tension it may be sufficiently given in the diprossirn of the Pa- 
cific ocean basin on the border of the continental mass i)resumodly de- 
pending upon isostatic tendencies continuinj^ through long periods. . . 
. . The Eastern A.siatic festoon of islands appear as the crest of the 
marginal region of the continental mass nrrliod np thronj^h such upward 
working stresses. But since they bear the character nf the innt-r side 
of fold mountains, the folded outer '/one must ho. -^oncrlu fir>t in tlie 
descent toward the oceanic depth. Tlu* oxi^t<'iire of oiIut still deoi)or 
lying crescents projecting only in sni.ill islnnd peaks and otherwise still 
hidden beneath the surface of the soa. as tlicy >t;ind forth upon bathe- 
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rr.'-'r.' n:ip-. i.!'..\- -'.-.r: ■: ni:>:5:- n -:::!: •;:.; iam; 'trAtr.-ry h"? ^ecn 
pr- '■': T'-r-i:: . : :r: "!::•: f-ari 1^: -.: '.'.:-. rnrh'-i i:r"st ^irce tho r^r!:- 
'^-* '.::-•:•.. F r *!:'* -^x^'aiM:; •: ■ i ''.:'* «:t;-: it-.rirf'ly ::r:'::e': Tfr^i- :: rrr.i 
rr,- , . -r.'.-^.r.z ■.■: ir rr y\T'i : ^r.^t l-;: - or::-: :r \iii ir-.rr. K^»or:!'.:n 
'i -::: .iv .v.. *!:•; -i-:-- i^r :;n'! y^i r.rr app«iar : :t may p<r*:ap= bo -sx- 

fj I -. •■-.,■, t ■» '.■•"•"Tr"'' ' •-li--,.rti- -■-TT-'fr ; :r« f-'-p- \i*'.'h"*t- ■■, f --.•-.»--— ,- f 

In .r'jnn- ':ti':n 'Airh ti-.e :ir-..v>_- .^Mrenien:? by von Ric!':;: :*• n 
it i- i^itrri^s•:iIl:T :■:■ n- m- ::-ia: \\>«:.d\v<:'r:h in his in:ero5::n£r :-:i'::er 
on tl^.' fracture s;. -r. ■:::-, :■: ;::r.t.-' haf called artLnti''-:! t ;;*.v.- 
direction '>t tiie iractiir^ li::;.-'^ in-Iicate.] by the ytjlcan-'e? ■"•if 
the cr.aft '-^t A-ia. and :ia^ sii^^grsted that the arrangenicn: ::i 
cn>ct.-:rL^ iv.riy ' n.- ■•\-;:n:::r:-.L :l:r'..ii;i:rh curved lateral crustal :>:.>:- 
tun--^ in a >y-trn: such as r.e has described in much deiai!. hi:: 
in .-niall spec:n:«:n- ':.r.ly. W.v-'iiwt-jrth's figiire to illustrai-.- :hi? 
structure has i.t.rn n:[ir'.duced in Fij^. i. To the preson: v,ri:- 



-i, .,-... ,i' ,v . . ... 

I'l'".. 1. I'ritcturc Systtms of Asian volcanorii. 

tr il semis lu'ttrr t«? explain such lines of fracture ihn.»u,i::.i ih.e 
intiTstciion of a number of fault lines in zigzags meetincr un- 
der the re(|ui>ite anj;;le.s. 

MAN'CIIURIA. 

The structure aiid geology of Afanchuria have been di— 
cu^si-d in a recent j^aper by von Cholnoky describing a journey 
in that country during the years 189(1- 'c>8.t According to v. 
CliMliKiky .\ranc!iuria can be l(X)ked upon from the orographic 
>tand]H)int as sejiaraled uito two parts, one of which lies souih- 
♦ .'(-! « f the rivers Liau and Songari, the other to the north- 
". '-t ' r" the same line. 



• I H. WtMniwoKTi!. "On the Fractnre 8y»tein of JointR with Kcmarkt* 
.;.'.:. < I rtain Orcnt Frnctiirea." i»rac. fio*. Soc. Kat. Hist., vol. xxvii, pp. 

:.'M »<:'.. 

;.'..■:% VON Cinn.NoKv. Kune ZaaammcBfassnos der wissenschaftlich- 

" r.-.- -Mii'^se mciner Kcise in ChlnA nad In der Mandschurei indenjahrea 

Virh. tl. Oescllsch. f. Krdkaade ■■ Berlla, ▼©!. zzTi.1809. pp.l'51-Gl. 
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Von Cholnoky shows that the Liau peninsula and bay, as 
well as the western shore of the Yellow sea, are bordered by 
great normal faults which not onh- follow the shores, but ex- 
tend far back into the interior. The line already referred to 
which borders the high plateau of southern Manchuria contin- 
ues southward to form the western shore of the Liau peninsula, 
and crossing the straits of Chili meets the western boundary 
of the Shantung in China, Where this line of faulting meets 
tlie similar lines to the west and ea:*!. in one case in the vicinity 
of Kirin, and in the other on the western border of Shantung, 
recent volcanic material is found. The eastern one of the ser- 
ies follows the course of the Yalu river. We may here trans- 
late to advantage the summary by von Cliolnoky referring also 
to his map which is reproduced in Fig. 2. 




"While I am about 10 present a f 
ture of the first mentioned districr 
menCary to the studies of Richtlio 
knowledge of (he latter, the nortlnv 
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that the contributions of. the Russian investigator Ahnert are the only 
ones avaihible. 

**The peninsula of Liau is according to the studies of Professor v. 
Richthofcn covered ])y very ancient mountain chains ''aving the di- 
rection W.S.W.-E.N.E. 'I'hese mountain chains arc for the most part 
formed from Korean granite and cr\'stalline schists which are older 
than the Sinian schists. Upon and bet\ve<?n these mountain hack-b"">nes 
the bedded rocks of the Sinian period have been quietly deposited and 
occur in sufficiently large masses to make it possible to stuc'.y in detail 
the age of the beds and the principal mountain systems. 

The same can be sai3 of those parts which I traversed. The rocks 
which I met upon my journey were for the most part massive rocks, 
the orographic and tectcuiic studies illuminating also the mountain re- 
gion at the N.E. of the Liau peninsula. 

The road from Kirin toward Mukden follows along the northwest- 
ern foot of the phteau of the moimtain chain of Kuleh. This so- 
call<:?d mountain chain is really nothing else than the elevated margin of 
the trap plateau. H<»ro runs a mighty line of fracture having the di- 
rection S.W.-N.E. and limiting on the northwest the upland of ^outli- 
ern Manchuria. Along this fracture are found numerous volcanoes (*f 
youthful age whose nearly uninterrupted continuity lends to the moun- 
tain chain its character; of a chain of mountains it is only proper to 
speak in-so-far as here and there crystalline schists are al-^o found and 
form individual pntchc-^. They lie at a stOv?p inclinr.;:on .wm tlioir 
:^irikc is SAV.-N.F. 

"Along the chains nf the Thu-Schan a<; well as (tn the north w est. -rn 
slipe of the plateau district, basins are found which appear tilled out 
with tertiary deposits. One such we meet in the vicinity of Kirin. where 
bc-neath a thick snnd nnd gravel layer lie coal-bearing blijO clay slates. 
A couii)act bnnvn cr.al is also found in the same region,, which appears 
to be nf anoicnt ori«j;in. wh« »so Jncality havi\ however, not yet boon 
visited. 

"(i) Tlic m()i!i:tain clr.ins running in crescents from north Chi-]i 
are tcrnn'natcd in Liau-si by a mighty fracture. This line of fracture 
appears u* meet the second where the greatest number and the most 
benutiful volcanoes group themselves together in the vicinity of Kirin. 
On from there — it appc.-.r^ — the line ct^uinuts to follow the valleys of 
ilu- S:ii.L'c»ri and Amur, even to the northern angle of the island nf 
Saelialin. 

12) On the southvastern side of the Liau river is foimd a second 
treat fault line; cutting through the region of Kirin and Mukden, it 
intf^r<ecis tin* wi-stern border ef Shantuntr. This fracture line was 
d'terniiutd by RichilK)fen. 

(:0 'i'ho third fault line runs along tht* eastern end of the Tschang- 
P^ii raiim; b'-rd'-rinGf on the- east the Liau peninsula and throwing 
il^iif ffirward « n ibe ^toe^p .-ido of the projecting peninsula of Shan 
(Schantung}. and uniting with the fault running down from the west- 
ern side of the Liau peninsula. The point of its junction is character- 
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iz<d by strong viilcanism on tlic sonth\vo>t point of the Liaii peninsula, 
as it is also by the disturbed condition of the strata. This latter 
Richthoftn's keen eye determined in a manner beyond all doubt. In 
the case assumed by me, all the mountain rajigcs in Sh.antung and in 
southern Manchuria which without doubt bclonp to the Sinian system, 
fall uprn one side of this gr?at fault. Fnr ihi> line of faulting in Man- 
churia it is characteristic that it — as mentioned — is associated with great 
basins. 

(4) The wSouthcm part of Manchuria is covered by mountains of the 
Sinian system wnich probably extend over from Shantung toward Kor- 
ea. 

(5') Between the two fault lines t^i l.iau-tung is to bo recognized in 
two phces the E.W. mountain tri"*!. Ore is the range of Shang-pai in 
the south, the other the Thu r:ii\?e and its parallel granite range in 
the n(?rth. Such an east-we<tern m untain ranye the system of the 
smaller Khingan also api^nrs i»i If. 

(6) Between the two f-rilt Iino< of the Liaii peninsula and the 
equatorial mountain chairs rises the trap plateau of Manchuria. 

(7) Liau si i< an abrasion plateau who'll' main skeleton is formed 
by mountain chains, which unite in the T-ichang-pai. Oriclnaliy, linw- 
ever, they fri!';v.'ed the S.W.-X.R. diroctinu, and torminate on the fault 
nf the Linu-<i." 

korf:a. 

I 

The peninsula of Korea, which (Iriftis h:\> aptly ternunl the 
"land of the hermit natinn" has bo(n i^nvui a thonnigli stii(l\ 
by the well known Japanese savant Koto.'' l.'nder j^^reat clifli- 
ciilties h(t has crossed and rocr(;ssN;-d '.h.is little known country 
in a series of geolop:ical sectiotis w'l'di in most districts are 
separated by intervals of a little mnre than fifteen miles. 

As a result of this inve.stij^^ation Koto finds that folding. 

while ea.^ily recognized, has been eiuirely subordinate to a sys- 

tern of faults in producing the positions and attitudes of rock 

masses, and in detennining the present tnpojj^raidiic relief. A 

sketch map showing the location t^i faults and of axes of folds 

has been reduced from Koto's lar.!.:^er <:,u*oli i;[j^ical map (hig. 3). 

"The fundamental features of th<- tnjj. .^nipliy «.f Korea. a> in othrr 
lands, arc the result of internal geologic structure, rndfol the jumuusu- 
la was the battle-ground of earth-movement- of two dircctions---the Sin- 
ian Mnd the Liait-tung. In the ^outh of tin- Ia\ -ilrowne(l rift-valley of 
Chyuk-ka-r>'ong, the axes of cru>tfolds are mninly X.X.K.-.S.S.W., i.e. 
the Sinian. In the extreme north (in thi- K;ii-;na |ilatr;r.i), thv fold- 
mountains run from W.S.W. to H.X.E., in vm Liau-tung diroctitMi. The 



*. Bc.fDJIRO Koto. Ph. I). "An Oro;irHijhic Skrtch <»f Korci." JouruHl of 
the College of Science, Imperial l.'nlvcrsity uf Tok vu. Jajjun. Vol. xix, iy()H, 
pp. 1-61.. Plates I— IV. 
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irLnli-inijvciiK'iiI- liii.l toMfil tiir ore nf gneiss-granite together with 
lilt onrlyinn mantle ot iiunnal gneiss and mica-schist. The kernel 
■ it' s'lL^li Kiiri-a ii llie wedge-shaped massive of Chi-ri-san at the 
hi-iunliirj- .-.i Cliyiil-hi Do nnil Kyong-syang Do. That of the north i* 
.■iN'j the « edge- ?ih aped mn.-sivc "f Kai-ma I-and. These Sinian and 
l.i.iH-tnu:; niassiv". together uith their overlying mantles meet each 
'iilicr «i!h ihdr aj^ice'. and jtrngsle for the supremacy in north-ea.it- 
vrii Hnmnyonir Do. urn- leaving lict«ecn tlieiii the third wedge oflow 
nu.;lral land. 



Tectonic Geography of Asia. Hobbs. 149 

^'Therefore, the peninsula is divisible orographically into three gigan- 
tic wedges. The south, embracing the whole of South Korea, is the 
old land of The Three Hans. North Korea is again divided int<^ the 
Kai-ma plateau, and the intersertal wedge, — the land of old Chyo-syon 
or Paleo- Chyo-syon. 

I have still to mention a third clement. This time the earth move- 
ment did not produce folds, but ruptured and dislodged the crust, tilt- 
ing up the edge. The main edge runs N.N.W. to S.S.E., at the margin 
of the sea of Japan, facing its high scarp to the deep sh<^re. Tliis tec- 
tonic disturbance, relatively of young age, produced prominent ridges 
which constitute the backbone and determine the i)rcscnt topography. 
The outline of the peninsula is due in a great measure to this gcol«^i- 
cal event. The block-edges I call collectively the Korean range." (pp. 
12 & 13.) 

"Putting aside the Kai-ma land as an exccpti^m, Korea is not a 
very high mountainous country, nevertheless we find mountains every- 
where. It is topographically speaking a lahyriiuh. and one will find 
orientation very difficult in the country without the hdp of g(in.i maps. 
The general disposition of the land is like a checkorhonrd : this living 
due to the crossing of mountain-directions. / haz-e already enumerated 
about 10 ridges of the Korean System, all runuin}^ more or less north- 
south, terminating in headlands, peninsulas and islands in the Southern 
Archipelago." (pp. 26.) 

*'I have grouped together all these fault- 'icarps and ridge> undor 
the Han-san range, by which the peninsular block ha«; hoi-n "^uooi'ssivdy 
dislodged southward, thus limiting the south border «if Knroa. Small 
peninsulas, fiead-lands, islands, islets and rocks arc only ilu* detached 
masses and fragments with skeletal ridvrcs of \hv lMiai-r,iik->aii and 
Han-san ranges. Hundreds of tlivse fraizmont-^ al»«ninfl in the ^cuth 
Korean archipelago. Cpp. 30.) 

*'The earth-movements that disturbed and npliftetl tlie Kai-ma land 
arc mainly dislocations and not folds; eonsi'cinrntly tlu- •listinbanoe 
should be classed in the same catejs'ory as that which created the K<'rcan 
and Han-san systems. / can lathimt difficulty distinj^uish three rid:^cs 
"Ki'hieh run parallel to one another iu the Liou-titiii^ direction uad con- 
stitute the skeleton of this northern f^loteait. i'lu- two -. aitb rnniMNi of 
these have the .steep side toward^ the S"uth. l»nt it i- TcniarkaMc tli.it 
they become succes«iively higher at ihe tiltol •. (l«.:i*. wlicr.' tlic 1i!mc1< is 
suddenly cut oflF to a lower level r-n tin* -'in:li. 1 Ik lihcfl <-(k>c nf tin's 
narrow but gigantic block i^. ns T i:;iw a'r«.-:ifi\ -l.-i'cd, \\\r 1:tn'! ni;i'-k of 
the two halves of north Korea. '\'\u- tli:r<l paraili'l \:<h,\i.:. lir.wf\rr. falls 
aAvay steeply to the northwest : in c<.nv«^-i|n«'nt <• ..f wnirli a \<'ni]iarati\'.'- 
Iv low basin is formed in tlie clrai'^ujc-aia a < 1" ;lic .\'->i ^i"!-; am] the 
Tuman rivers, which i^ h'niite<! -ir. \'\\- v^ \\\'- ^-y t!^<.- l..;i- ("liyani:- ;>;.!!. - 
san." Cp. 33.) 

"When speaking of tht -urfa^'c ''■■nfV.'M'-.t!- ;■; ■. i - '\\\- K"--i:'.. I l;:;ve 
said that it is like a checker-l»"ar«:l. a:i.! *':■■ -..ir-- f. .•v.t,- U 1 . • •.■ :'-iMiLr 
in the Kai-ma Land — Cp. 40V 
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"The peninsula is divisible on good grounds into two sections — north 
and south Korea — by a trench, in the geological sense, from the head 
of Gen-san harbour to Kang-hoa ba}*, at one corner of which is located 
Che-mul-pho, the emporium and entrance to the capital, Seoul. This 
trench or rift-valley is lava-drowned and is the only extensive volcanic 
field in south Korea, except the large basaltic island of Chyorjyu 
(Quelpart) off the southern coast of Chyol-la Do. This rift-vallty 
or Graben of Chyuk-ka-rong (510 m.) affords the easiest passage 
obliquely across the peninsula from the sea of Japan to the Yellow sea» 
and marks the boundary of various geographic elements:" (p. 52V 

"It is a rift rallcy or Graben obliquely crossing the geological strike. 
From the top rif Xani-san in Seoul, we sec on the east a regular clitt 
with its escarpment toward us. It runs from the mouth of the Ke.im 
Gang to the head of Wc)n-san harbour, and the well-fortified castle of 
Koang-jyu, 12 kilometers from the capital, itands on its edge. I call 
this the Koaug-jyii ridge. The other ridge starts from the Ma->ing- 
nyong, the highest pass of 1020 meters (the second pass A-ho-by-nyong 
being 760 meters , between WTin-sim and Phyong-yang, and lowers at 
the mouth of he Imjin Gang, The Ma-sing-nyong ridge turns its fault- 
scarp to the cast, making the counterpart of the Koang-jyu ridge, thus 
forming the trench-fault. Great basalt flows occurred at the end of the 
Tertiary,' filling up the bottom and now forming the sterile plain of 
Thytiunon or iron plain, so named from some resemblance of the lava 
to magnetite. The Chyuk-ka-ryong road goes gradually up th.is lava- 
field, frequently crossing the canyon-like river-channel, and s'lddcnly 
descends to Won-san at the above-named pass, which is the edge of the 
basalt-mesa and the boundary of two provinces.*' (pp. 9-10.) 

''North Korea, as I have already stated, is divisible into two re- 
gions, viz.. the plateau of Kai-ma on the north, and the hilly land of 
Paleo-Chyo-syon on the south. The boundary between the two is 
sharply marked. The north is a high plateau with a fault-scarp, facing 
southwards towards the depressed land, just as the Great Khingan 
(Hsing-an) turns to the cast with its precipice towards Manchurii. 
The incurves of Korea bay on the west and that of Chyo-syon bay 
CBroughton bay) on the opposite side give some idea of the boundary 
as expressed in coastlines, and we can trace it in the interior as well.*' 
rpp. .^i.) 

"Five components of the Thai-Paik-san are the cliffs of tilted blocks 
swe:r)ing along the coast of the sea of Japan, from wliich the right 
wing was successively thrown down to the sea bottom, as if it originates 
in disjunctive faults as an after-effect f»f the piling and pressing up of 
Hondo (Japan) toward the Pacific ocean." (pp. 56-57.) 

"'J'hc Ilan-san range resulted from a later geologic event than that 
which produced the Korean system. The former is composed of n 
number (^^ tilled edges of faults which threw down block after block 
to thf Soutlurn ^ea. The sta-coast i^ dr-tted with an innumerable num- 
ber r.f i>;et> and rocks, and describe^ complicated in-and-out-curves. 
The-e peculiar features which characterize the coast, are nothing more 
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than the outcome of the joint-work of the orogenic movements that 
gave form to the Korean and the Han-san ranges. The inlets are the 
remains of tectonic valleys, while the headlands represent the ridges. 
Especially remarkable is the narrow canal of the free port, Masan-pho, 
which presents the outline of a compound cross with a single axis, 
due to the Korean and Han-san ridges which intersect each other on 
both sides of the entrance." (pp. 57 and 58.) 

"A great number of small ridges or fault-scarps traverse like a 
gridiron the whole of Paleo-Chyo-syon. The region is somewhat sim- 
ilar in its geological structure to the western half of Slian-tung. Well- 
established rules can be scarcely discovered in the arrangement of ridges. 
The whole tract is broken up into a number of long orographic blocks, 
each being of old sedimentaries. mainly of grey tabular limestone. Each 
block is tilted along the long side with strep walls, while it slants 
gradually towards the opposite direction. Some of the equatorial ridges 
may be brought into connection with the tectonic line of Shantung, e.g., 
Myor-ak-san of Hoang-hai Do, while others of the same group are dif- 
ficult to correlate with any known system. Meridional ridges, though 
coinciding in direction with some of the Korean system, do not har- 
monize with each other in position, nor in magnitude of disturbance; 
the general plan of the west coast, however, seems to have been great- 
ly influenced by them. 

In short, the intersecting fault-scarps of Paleo-Chyo-syon inserted 
between the Sinian and Liau-tung systems seem to be the result of a 
passive movement and after-effect of the still greater tectonic disturb- 
ances which gave to the crust-block of the Korean peninsula its present 
form." (pp. 58 and 59.) 



OUTER GLACIAL DRIFT IN THE DAKOTAS. 
MONTANA, IDAHO, AND WASHINGTON. 

By Warrkn I'PHAif, St. Puul. .Minn. 

The outermost boundary of the <^lacial drift across the entire 
northern part of tlie United States, from the Atlantic Xo the 
Pacific, was first fully mapped in a somewhat detailed man- 
ner by Chamberlin in 1888: tliout^di durinc: the precedino^ twen- 
ty vears the eastern half of llii> Ixnindarv had hecnme knf)wn, 
with increasing accuracy and drfiniteness. from the work of 
many observers, mappini^ it ])ctween llie Xew luic^land inlands 
and the Mississij)])i river, (.'ompariiii: Xewhirry's map of 
the margin of the drift ar«.'a.''' as it was Imperfectly known 



• Map ■bowing Drift Area siud Hrnrinv'^: ^^\ r.i.ui.il Tiiirows, I\cfu)rt i>l the 
Geological Sttrvey of Ohio, vol. ii. l?*?!-. nt i'M;4e T'"- «^r the chapter <>u Siiri.ice 
Gcoloffj (pp. 1-80.) 



152 The American Geologist. September, ivmm 

thirty years ago, drawn from the Delaware river at Trenton. 
N. J., to the lower part of the Kansas or Kaw river, with the 
maps of it published by Chamberlin in 1883 and 1888,* the 
former reaching westward to the east edge of Montana, but 
largely revised and corrected for all the countrv northwest 
of the Kaw river by his next map five years later, we are 
greatly impressed with the rapid progress of our American 
exi)l()raiions of the limits of glaciation, which were traced ex- 
actly or approximately through the distance of more than 3,cxx) 
miles across the continent between thirtv and fifteen vears ajro. 

A principal incentive to that work was the recognition of 
the terminal moraines of our continental ice-sheet, in the years 
1877 to 1880. by Cook and Smock in New Jersey: by the 
present wrht-r on Long Island. Block island, Martha's \'ine- 
yard, Xantucket. and Ca])e Cod : by Lewis and Wricrht in 
Pennsylvania and Ohio; by Chamberlin in Wisconsin: and 
by X. II. W'inchell and the writer in Minnesota. Iowa, and 
South and Xorth Dakota. Within three years after the first 
mapi)ing of the marginal moraines in Xew Jersey, they had 
been mapi^ed more or less exactly for 2.000 miles from south- 
eastern Massachusetts to where their cotirse passes out of the 
United States, from Xorth Dakota into Manitoba and Assin- 
iboia. 

About a quarter of a century has since passed, and very 
detailed surveys of the glacial drift and its extreme margin, 
and oi the many parallel and interlocking or overlapping mo- 
raines which limit the areas uf the ice-sheet at successive 
stages of its recession, interrupted here and there by re-ad- 
vances, have been made by numerous observers in southern 
Xew iMigland and Long Island: by S:disbury in Ncav Jersey; 
Wright and Leverett in Ohio. Indiaiia. and Illinois; Cham- 
berlin and Salislniry in \\*isc<»nsin ; Calvin and Winchell and 
their assneiates (^n the geol(\gical ^urveys of Iowa and Minne- 
^(>ta: and Todd and the presi.-nt writer in the Dakotas. 

Farther westward little tlinroui:;h w(jrk has been yet done, 
though imi)ortant reconnaissances, a'.ul detailed studies in 



* Five maps in PreliminnrT I*apcr on the Terminal Moraine of the Second 
Gl.'uial lipjR'h, {]}]). 'Jin-4k02),' Third Annual Report of the U. S. Geol, Survey, 
for 1J<81--. \}u]\. tSS3. Map of tlic Glacial Stri.c of the eastern United State* 
<an«.l of the liarlit-r and Later Drift across all the northern states), in The 
Kock-Sct>rin>;.i nf the (ircat Ice Inrasious (pp. 147-U48), Seventh AnnuAl Re- 
port, U. S. G. S., for 1.SS5-86, pub. 1888. 
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some hxralities, have ])Cfn made, by Clianil)orlin and Salisbury 
in central Montana ; by Culver on the front rang-:^ of the Rocky 
mountains in the north edge of that state; by Weed in the 
vicinity of Fort Benton ; and by Chaniberlin, Willis, Russell, 
and others, in Idaho and Washington. 

There yet remains, however, to Ix'. applied to all tliat west- 
ern half or two-fifths of our continental drift border, from 
western North Dakota and the lower Yellowstone river to 
Puget sound and the Olympian mountains in Washington. 
the painstaking differentiation of the successive stages of the 
Glacial period, and precise mapping of any marginal moraines 
that may be found, such as have been very carefully and in- 
structivelv worked out in the northern central states of the 
Mississippi basin, from Ohii^ to Iowa and Minnesota, noting 
there a dozen or more moraine- forming stages in the departure 
of the ice-sheet. 

Rroadlv viewed, the most noteworthv feature of the western 
half of the continental drift sheet is its less extent southward 
than that of its eastern half, from Kansas to the Atlantic 
coast. The rather arid climate of the Great l^lains fnnn the 
lower Missouri river to the Rocky mountains, and likewise 
of the wide Cordilleran belt until we come to the narrow tract 
between the Cascade range and the Tacitic. had the effect 
to limit the glaciation in Montana and westward to latitudes 
averaging about eight degrees, or 550 nn'les. north of the 
average limit from Kansas eastward. 

In the central part of the continent, for the distance of 
about 1,600 miles, from southwestern Ohio to the* upjKT Mis- 
souri river and its tributaries, Maria's. Teton, and Sun rivers, 
in northern Montana, reaching nearly to the base of llie Rocky 
mountains on the international boundary, the border of the 
glacial drift belongs to earlier stages of the Ice age than either 
east or west. Through that central region, the (»utermost 
drift, referred to the Albertan, Kansas lllinoian, and lowan 
stages of the long Glacial period, has generally an attenuated 
edge, destitute of morainic knolls, hills, and ridges, such as 
extend in narrow belts along the boundaries of the late Wis- 
consin drift, and which also, in a numerous series of these mo- 
rainic belts, traverse the areas of that later drift, marking 
pauses or slight re-advances during the general retreat of 
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the ice-sheet when it was being finally mc)ted away. East from 
the Scioto river in Ohio, and westward from the upper Mis- 
souri across the great Cordillcran region, the later drift and 
its moraines reach generally quite to the margin of glaciation, 
covering the older drift of the previous stages. 

One of these stages, named the lowan, has been shown 
by McGee in northeastern Iowa, and elsewhere by Leverett 
and manv other observ-ers, to have been characterized bv ex- 
tensive deposition of loess, a fine silt washed down from the 
dissolving and waning icefields, and deposited by the Hooded 
streams in front of the lowan drift boundaries, with much 
redistribution at the same time and later upon large tracts 
by winds. The loess evidently belongs to a time of general 
depression of the land beneath the long continued weight of 
the ice-sheet; and this change, from a former high elevation 
to mostly lower altitudes than now» appears to have brought 
again the warm temperate climate under which the continental 
ice-sheet from then onward was somewhat rapidly melted 
away, meanwhile forming many marginal moraines at lines of 
slackening, halt, or temporary readvance, in its general re- 
treat. 

On the plains bordering the upper Missouri river in the 
neighborhood of Fort Benton, and thence northward, loess, or 
a loesslike fine silt, is described by Weed as spread very exten- 
sively, varying from a few feet to a hundred feet in thickness, 
mantling the nearly flat country, and forming the upper part 
of the drift there.* Much further exploration is desirable for 
all the upper Missouri region, to discriminate and map the re- 
spective areas of the Albertan, Kansan, and lowan drift, and to 
trace the limits of the Wisconsin drift, lying farther north, 
with its moraines, in Assiniboia and Alberta, to the Rocky 
mountains. 

The oldest glacial drift sheet yet recognized, the Albertan, 
was so named by Dr. George M. Dawson from its occurrence 
on the upper (tdgc of the plains of Alberta, along the east base 
of the mountains, and westward amoncr the Rockv mountain 
ranges, whence its materials are wholly derived.t The Al- 
bertan till and associated Saskatchewan gravels have therefore 

• Foil lUnion l-^olio, No. r*5, i)coIoi;ic Atl.is of the Vnited StMtca^ 1899. 

\Juurtiiil of ijeoli)f*\\ vol. ill, pp. o07-r>ll, Jul3'-Aa|^«t, 1895; Ballctia, 
Geol Soc. of Amcricn, vol. vii, pp. 31-i3(>. Nov., I.s95. 
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strictly no extension in Montana east of the mountains and 
their immediate vicinity ; yet prol)ably correlative and contem- 
ponaneous till exists beneath the later Kansan. Ullnoian, 
lowan and Wisconsin drift in the Mississippi basin, where 
these divisions of the glacial series have been so fully studied 
and classified in their stratigraphic and chronologic relations 
by Chamberlin, Calvin, Leverett, and others. Eastern gla- 
ciation and drift, which overspread that region, failed to ex- 
tend into confluence with the Cordilleran glaciation south of 
the forty-ninth parallel; but north of that line the icefields 
flowing from the east and west wer^^ confluent, with inter- 
mingling of their drift deposits on a tract of considerable width 
extending from south to north not far east of the mountains. 
In western Montana, and onward to the Pacific coast, the 
earliest and lowest glacial drift must be correlative with the 
Albertan of Dr. Dawson, which he regarded as earlier than 
tHe Kansan drift sheet, the lowest ani oldest recognized pre- 
viously in the United States. 

Including the chief moraine belts, of Wisconsin age, trace- 
able north of the international boundary, it is j.)robable that 
the northwestern part of the Great Plains, on the uj)per Mis- 
souri river and northward in the Dominion of Canada, has as 
good a representation of the entire sequence of our glacial de- 
posits, from the oncoming to the final wane of the i)rolongcd 
and varied Ice age, as can be found anywhere, not excepting 
Kansas, Iowa, and Illinois, in which states the series has been 
most elaborateh* studied and named. 

A general sur\'ey of our marginal drift formations, from 
the area of the glacial lake Agassiz west to the Ruoky moun- 
tains and the Pacific, noting the relationships of the diverse 
courses of the glacial currents and the relative ages of their 
drift, convinces me that the view of Tyrrell, "^^ indicating suc- 
cessive culminations of ice accunuilation, first in the Cordill- 
eran region, next on the country between the Rucky mountains 
and Hudson bay, with extension south into Kansas, and last 
on the Laurentide region, stretching an ice-^heel from Labra- 
dor to the Red river vallev, is erroneous. Instead of successive 
Cordilleran, Keewatin, and Laurentide or Labradonan ice- 



• J ouraml of Otology, vol. Iv, pp. «l l-nir.. Oct. -Nov , 18 
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sheets, there seems to me to have been contemporaneous and 
lon^ continued ^laciation of the entire width of the continent ; 
but during tlie original growth of the vast sheet of snow and 
ice covering half of North America, and again during its de- 
cline and disappearance, it doubtless outflowed predominantly 
from those three central areas.* 

As the glacial drift generally extepds somewhat beyond 
the Missouri river, to a maximum distance of about fifty nnles. 
through the Dakotas and ^Montana (excepting a large part of 
South Dakota, to be again noticed), up to Great Falls, whence 
the drift boundary passes across this river and runs north- 
westward to the St. Mary's river and the Canadian line at 
the base of the mountains, it is evident that during the cul- 
mination of the Glacial period, in its Kansm stage, all the 
rivers of these states, and alsi) of Nebraska, were turned aside 
to the west and south, being caused to vend their waters south- 
eastward along the border of the ice-sheet. In the Fort IJenton 
folio of the Geologic Atlas of the I'nited States, an ancient 
channel, called the Shonkin sag, eroded by the waters thus 
pouring along the ice border, has been traced by Weed about 
fifty miles, passing across the low watersheds. He describes 
it as **a continuous depression that is clearly an old river chan- 
nel, with wide valley floor and steep walls and precipitous 
clijffs." It wil be a most interesting task for aniateur geolo- 
ogists of this region to trace these old watercourses, inter- 
rupted here and there by beds of lakes that adjoined the ice 
front, from the vicinity of Great Flails for 1,100 miles east 
and south, across the Musselshell, Yellowstone, Little Mis- 
souri, Cheyenne, While, Niobrara, Platte, and Kaw rivers, to 
the (Xsage valley in Missouri, which doubtless for some time 
carrie<l all the drainage of the Missouri basin, when the pres- 
ent i)athway oi the Missouri river was thus buried under the 
edge of the continciUal glacier. Rut my last preceding paper 
(pages 80-87 ^'f ^^^'^^ vohime ) has somewhat fully considered 
the relation of tins majestic river to the glaciation, leaving now 
a river system ])robably very unlike its preglacial condition, so 
tliat furilier comment on its changes and development during 
the Ice age will not Ix- expected here. 

* Sec Maps of the Olacintion of North Anuricu, by CliAUBBSLlK in Geikie's 
Great Ice Ajje. third cd.. 1S04-. pi. xiv. nt page 724: br the prenent writer, U. S. 
Gcol. Surrcv. Man XXV, The Glflcini Lake Ajeastsix, 1895, pU. ii and xvl: br 
Lbvkrett, U.S.Geol. Survey, Mon. XXXVIII. The Ulinois Glacial Lobe. 1899. 
pi. i; nnd by Kusskll, North America. 1904-, ])1. v, nt page 815. 
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Professor G. E. Culver, explorinj^ tlie front range of the 
Rockies in northern Montana, found tliat ice was accumulated 
so tliickly west of the main eastern range, within thirty miles 
southward from the forty-ninth parallel, that it outflowed 
eastward through tlie passes, carrying dioryte boulders from 
ledges w-est of the watershed to a distance of several miles on 
the plains at the eastern base of the mountains. No Laurentide 
cr eastern drift was observed there, but in the valley at the 
head of St. Marv's river, a tributary of the Bellv river, flow- 
ing northeastward into Alberta, on latitude 113** 30", ^\t to 
twent}' miles south of the intematio'ial boundary, ho noted 
shore lines of a glacial lake, which was probably formed by 
the neighboring barrier of the Laurentide ice-sheet on the 
northeast. These old shore lines occur up to tiie hight of at 
least 800 feet above the present St. Mary's lakes, or approx- 
imately 5,400 feet above the sea.=^ 

The Altamont, Gary, Antelope, Kiester, Elysian, Waconia, 
and later moraines, which have been traced in concentrically 
lobate courses through South and NorMi t)akota,t were quite 
surely formed at exactly or approximately the same time with 
the tenninal moraines, outermost and recessional, which cross 
Ohio, southwestern New York, PeuTisylvania, New Jersey, 
Long Island, and southern Xew England. Throughout that 
eastern part of their extent, the outer moraine is at or near 
the extreme boundary of the crlacial drift. In all the interior 
region, however, from Ohio to the Rocky mountains, the out- 
ermost of this series of moraines lies far back from the drift 
boundary, excepting on the east side of the Wisconsin drift- 
less area, and again along a considerable distance, about -2C)0 
miles, in South Dakota, where the Altamont moraine comes 
nearly or quite to the Missouri river, while the older glacial 
drift beyond this moraine is scanty or altogether wanting west 
of the river. 

It also appears very certain, accoriling to the judgment of 
expert glacialists. that the latest great develnpnient of glaciers 
and piedmont ice-sheets in t!u- wesiorn C'or<lilleran region 
of the United States, spreading gener-dly farther than in the 

• TrMns., WiBCOOMin Academy of Scicacc, Arta utul Letters, vol. viii, pp. 
187-205. with map; Dec. 30. 1891. 

+ J. B Todd. Proc. i4. ^. i4. S.. vol. xxxiii. lss+, pp. a><l.,H93: ('. S. Geol. 
Sarvey, Bnllctin No. 144, ISOG. 01) pa^es. W auhv.s Vni am, U. S. Gcitl. Sur- 
rey, Mmn, XXVt 180ft, chapter iv, pp 1 U8-1 91 . 
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earlier stages of the Ice age, was practically contemporaneous 
with the remarkable Wisconsin stage of glaciation. Although 
in the central part of the continent the prominent moraines of 
that stage are far back from the drift border, belonging thus 
to icefields much restricted from their former area, it is seen 
that on each side, eastward and westward, the snow and ice 
were then more abundantly accumulated than ever before, over- 
riding the older drift deposits and encroaching on ground not 
previously glaciated. When the local causes of the compar- 
atively late maximimi growth of the eastern and western parts 
of the vast continental icc-shcet shall be satisfactorily deter- 
mined, consistent with the restriction at the same stage in the 
interior country, it will be a long stride of progress toward 
fully solving a difficult and most interesting problem, the gen- 
eral causes of the Ice age. 

Because of the great extent, both in length and width, of 
the groups of high Cordilleran ranges, they presented very 
favorable gathering grounds for glaciers during the Ice age. 
In remarkable contrast with the eastern half of our country, 
where the Appalachian mountain belt appears to have had no 
local glaciers, nor even any notable effect in deflecting the 
boundary of the ice-sheet from its direct course through New 
Jersey and Pennsylvania, the glaciation in the Rocky moun- 
tain region and onward to the Pacific was greatly influenced 
by the mountain masses. 

In northwestern ^lontana, heavy glaciation on a width of 
50 to 60 miles, extended along the frontal ranges, and on 
the upper part of the basin of the Flathead river and lake, 
to a distance of more than a hundred miles south of the main 
border of the continental icefields. Again, on the high area 
of the Yellowstone Xati«mal Park and its environs, confluent 
glaciers formed an ice-sheet measuring about 75 by 150 miles; 
an<l several tracts of mountain glaciers, from one third to 
two-iliinls as large, are mapped farther south, in Wyoming, 
Utah, and Colorado. On the great mountain ranges and 
groups of southwestern Colorado, and on the grand Sierra 
Nevada of eastern California, abundant ice accumulation and 
etlVctivc .glaciation reached to the 37th degree of latitude, 
about 50 niik's farther south than the utmost projection of 
the Laureiitide jjart of the ice-sheet, in southern Illinois. 
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Only in northwestern Washington, on the l)asin of Piiget 
sound, occupying a width of 75 to 130 miles between the 
Cascade range on the east and the Olympic mountains and 
the ranges of Vancouver Island on the west, was a projection 
from the continental icefields of British Columbia able to 
flow into the United States, while of course the far greater 
part of the ice even there was formed by snowfall on the ad- 
joining mountains. 

So marked dependence of the Cordillcran ice accumulation 
upon the grand topographic features is a complete proof, as 
I think, that the icefields of the Puget Sound basin and of the 
Canadian province on the north were produced chiefly by local 
snowfall, not by invasion or inflotv from the central part of 
the Cordilleran glaciated area. Similarly, as I also think, 
the southern marginal parts of the Keewatin and Laurentide 
icefields grew in depth and areal extent chiefly by snowfall on 
those outer tracts, within the first 20 or 50 or 100 miles back 
from the extreme ice boundary, in nearly as lar^e dee^rce as 
the central and thicker parts of the ice-sheet. Vet some gla- 
cial outflow took place from the central areas throughout the 
maximum stage of glaciation; and there was much ]:)erij)heral 
outflow during all the stages of growth, culmination, iind de- 
cline. With the slow ice motion, the very long duratiou of 
the Glacial period can be well appreciatecl when we lx*ar in 
mind the glacial transportation of boulders a thousand miles 
from the east side of James bay to southern Minnesota, and 
the equally long distance of the outermost glacial drift in 
southern Russia from the Scandinavian mountains that sup- 
plied some of its boulders. 

Why the ice-sheets shrank earlier ivom the flat ccnuitry of 
tfie Mississippi and Missouri basins, and of Russia, than from 
the more hilly or mountainous regions in both Xortli America 
and Europe, and why morainic drift hills and ridges were 
formed on each continent principally during the late and clos- 
ing Wisconsin stages o* the Glacial period, are questions that 
may be probably answered, for the first, by the flat coiuour and 
far inland situation of these countries first permanently un- 
covered from the ice-fields ; and, for the second, by the long 
continuance of glaciation, whereby tlie ice became more charg- 
ed with drift in its lower part, and by the more vigorous glacial 
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currents near the margin after the epeirogenic depression in tlic 
lowan stage of glaciation restored a warm temperate climate 
upon the ice border. 

In the next paper of this series I wish to present my detail- 
ed observations of the drift around the southern part of IHiget 
sound, where the proportion of modified drift, stratified gravel, 
sand, and fine silt, far exceeds the till deposits. 



BOLSON PLAINS AND THE CONDITIONS OF 

THEIR EXISTENCE.* 

By Charles K. Kbyhs. Socorro. New Mexico. 

Bolson plains are the most characteristic features of the 
Mexican tableland. They are peculiar to the arid regions. 
Thcv could not exist in the same countrv in which thev now 
do, under conditions of copious rainfall. While they are 
among the most novel of physical features and while much 
has been made of them as fonning a distinct type of geo- 
graphic relief they hardly deserve, from the viewpoint of gen- 
etic geography and geology, the attention that has been given 
them. 

Bolsons, as their name signifies (Spanish, a purse), are 
broad, level valleys, depressed slightly in the center, and bor- 
dered by mountains. The writer who introduced the name 
into American geography thus describes them. 

**These plains, or *basins,' as they are sometimes called, 
are largely structural in origin. Bolsons are generally floored 
with loose, unconsolidated sediments derived from the higher 
lx.Ti|)heral region. Along the margins of these plains are 
talus hills and fans of bowlders, and other wash-deposits 
brought down by mountain freshets. The sediments of some 
of the bolsons may be of lacustral origin. 

**lt is essential, in both the geographic and the geologic 
discussion, to bear in mind the distinction between bolson 
plains and plateau plains. The plateau plains and the moun- 
tains are genetically related, the strata composing the one be- 
ing bent onto or flexing out into the other. The bolson plains, 
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on the other hand, are newer and later topographic features, 
consisting of structural valleys between mountains or plateau 
plains, which have been partially filled with debris derived 
from the adjacent eminences. The plateau plains are usually 
destructional stratum plains. The bolson j)lains are construc- 
tional detritus plains filling old structural troughs."* 

It has been recently shown t that the structure of the bolson 
plain is not nearly so simple as the description just (juoted 
would indicate; that they are not. acc«jrding to the strict phys- 
iographic usage of the term, structural valleys; that the bol- 
son plains are not necessarily any nvwir and later than some 
of the plateau plains which (»verlnnk ihcm : that the construc- 
tional detrital covering is no more important than that of the 
plateau plain; and that the wash-deprjsits bnnight down from 
the peripheral area are relatively o\ small importance. 

On the other hand, it has been cloarlv demonstrated that 
the rockbcd surface of the bolson jjlain. that part beneath the 
thin detrital covering, is a [)lanation surface, a surface worn 
out on the bevelled edges of ihc consolidated and indurated 
sedimentaries. 

The bolson plains of New Mexico, for example, are fjund 
only in that part of the region which belcMigs to the ge6- 
graphic subdivision known as the basin rejjjion. This includes 
the southern two-thirds of Now Mexico, ur the portion lying 
south of the Rocky mountains, whidi abruptly terminate loo 
miles south of the Colorado line. Southward, from this lati- 
tude, the bolson plains occur — long, level strij)s of ])lains coun- 
try, separated from one another by high, but narrow mountain 
ranges. Far beyond the New Mexican boundaries the same 
type of physiography prevails nearly so far as the citv of 
Mexico. 

The peculiar alternation of narrow mountain ranges and 
broad plains presents many features which are not easily un- 
derstood until the coimtry b^nh to ilu* eastward and to the 
westward is taken into account. In both directions horn the 
central highland the **perse" character oi the lia^in plains is 
soon lost. 

The different plains become conthu-nt .-md nmre contin- 
uous, and the mountain ranges moR- ili>ronncc!ril and tinally 

• HiLl.: Top, AtlBB U. S., foUo 3. p. 8. IDOi). 
f Amer.Jour, ScL, (4), toI. xvi, p. l'ot. I'Ji*:'.. 
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isolated altogether. Still beyond, the plain alone persists with- 
out notable mountains. This^ condition continues on the one 
hand to the gulf of California and on the other to the gulf of 
Mexico. 

At the beginning of Tertiary time the region between the 
two great gulfs north to the present Colorado line must have 
been a vast lowland plain, with but faint relief features. A 
large part of this plain was on the bevelled edges of Creta- 
ceous and older strata as is shown now in its remnants clearly 
discernible. The Las Vegas plateau, the Llano Estacado, the 
bolson plains of central New Mexico and some of the less 
broken plains of eastern Arizona seem to belong genetically 
together. To the east and west of the vast area thus outlined 
a broad Siubmarinc platform was formed from the sediments 
derived from the planing off of the central land area. When 
the general bowing up of the region took place later in Ter- 
tiary time the great plain formed was partly a peneplain of 
destructional land origin and partly a constructional plain of 
marine origin. 

After the period of the main uprising, after the whole sur- 
face of the country had attained somewhat more than its pres- 
ent elevation above the sea-level, normal faulting on a vast 
scale gave rise to numerous monoclinal block mountains, with 
a trend of north and south. There were numerous hahs in 
the general movement and the Mesozoic and youngest Pale- 
ozoic beds here are completely stripped off the mountain sum- 
mits. Several times the staying process has enabled partial 
pencplanation to take place. But the mountain blocks have be- 
come more and more tilted. 

Between Tertiary time and the present, enormous erosion 
has taken place. The va'st plain has been deeply dissected by 
such old mountain-born streams as the Canadian, Pecos. Rio 
Grande, and Colorado. The vallevs of these water-courses are 
very wide and deep. On the east the Canadian flows 40(X> 
feet below the level of the old plain. The Pecos perhaps 2500 
feet. The Rio Grande about 1500 feet. While the Colorado 
canyon is a mile deep. 

In llic Llano Estacado the remnant of the great plain con- 
tains 50,000 s(jiiarc miles. The bolson plains are already be- 
ginning to givr way to erosion agencies. In the valley of tlv* 
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Rio Grande nearly all traces of the old plain are already de- 
stroyed. The displaced intermontanc basins, like the Jornada 
del Muerto, which adjoin the long Rio Grande valley, are be- 
ginning to be deeply dissected wherever the great liver 
touches the borders. 

In its broader features the surface of Xew Mexico may 
be regarded as a ribbed tableland. Broad north and south 
valleys alternate with long narrow more or less continuous 
mountain ridges. The most important of the long basin plains 
and valleys are the Pecos, Huerco, Estancia, Jornada, Rio 
Grande, San Augustine, and Mimbres. 

Over such a surface from the southern end of the Rockies 
three great streams diverge. These are the Canadian river, 
the Rio Pecos, and the Rio Grande. The first of these after 
leaving the mountains flows eastward to the Arkansas in In- 
dian Territorv and thence its waters find their wav to the 
Mississippi. Rio Pecos trends southeastwardly, entering Tex- 
as near the southeast corner of Xew Mexico. From the San 
Luis valley in Colorado the Rio Grande llows slightly west 
of south to El Paso. Of these the last two streams mentioned 
flow in broad valleys between lines of block mountains. 

Comparison of the physiographic features of basin valleys 
which the great mountain-born streams traverse with those 
which are not so occupied, (juickly demonstrates that the bol- 
son owes its existence merely to lack of erosion agencies. The 
Rio Grande no doubt at first passed through a series of bol- 
sons identical with those at present fmnul on either side of its 
present valley. It has cut down its channel often 2000 feet be- 
low the surface of the ancient bolsons. Within the valley 
nearly all traces of the bolson characters are now lost. \o 
waters are received by the great stream after it enieri^es tnnn 
the Rockies. The work of tliis river has 1)erii ooiitnud t<> eiu- 
ting its canyon. Little adclilional wcrl^ < i" .-idr -tu-.iin.s lias 
been imposed upon it. A still i^n-aii'lt-r ■. \.i:!i;M.- -i" i- KiiiJ i< 
found in the Colorado river oi \\\v \\\-[. li- .l:i«:!' x.iiitv. >• -■ 
far below the level of the tahh-laivl. i\i-:- nutcIv |i'(:;;!^r ;'•' 
drainage-way has its source in a :■•-*■' n <m' al'UiKiani ]•.:••'■ <vri\ 

Between the Rio Pec(^s ar.*! K'-- '■ iraii-u- va'li-; > ai ila- mt;]^ 
end of the Rockies then- is a >:iia:l v.-- ii'-ia::] -nrain. iIk k:-* 
Galisteo, which crosses ilir l\-:.:n<:ia ^-jl-'-n. an<l wlr'oh -t^m 
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falls into the Rio Grande. This little stream has carved out a 
remarkable vallcv. It is an illustration of how wonderfully 
effective is even a small, often dry, rivulet in corrading the 
high plains. 

The bolson plains may be considered as sections of an 
upraised peneplain surface in its earliest infancy, at a stage 
in which they are as yet untouched by stream-action. Tliey 
could not exist under present hypsometric conditions except in 
an arid region, which snow-fed perennial rivers do not tra- 
verse. The bolsons arc only apparently lake-like basins. They 
have a marked slope in at least one direction, that of their major 
axis, as in the case of the Jornada del Muerto, where the 
slant is 20 feet to the mile and greater than the gradient of the 
parallel Rio Grande. Had the latter stream entered at Santa 
Fe the Estancia-lluerco or Estancia-Jornanda line of bolsons 
instead of the line to the westward, a vast canvon would have 
occupied these basins. 

The bolson plains of central New Mexico hang high above 
the great channels of the Rio Pecos and Rio Grande on either 
side. Were the rainfall of the region sufficient to produce 
perennial streams these plains would be vSOon as deeply carved 
out as the great adjoining valleys of the rivers just men- 
tioned. 

New Mexico School of Mines, July i, 1904. 



THE ALKALI DEPOSITS OF WYOMING. 

Hy Tiios. T. Read, Ivaramir, Wyomiinf, 

Scattered over the south central part of Wyoming are nu- 
inertms undraincd depressions containing large amounts of 
^alis f>f sodium and maii^nesium, chiclly sulphates, which are 
locally known as soda lakes. Of these there arc eight groups 
CMiuposcd of from tmic in '^L'voral lak:'? varying from a few 
In >(:wv'd\ luiiidred acres in extent. In addition there are 
sraalk-r lakrs .soaiurcd in such profusion that no estimate of 
llieir number lias ever K-en made. 

Two (jue-iio-ns chielly cnncern us. their origin and their 
use^. A^ t » lilt, lalter. tlieir <j:real future value for the pro- 
ducti" n if rarluMiaie of surla and caustic soda is evident. Manv 
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of the lakes yield pure mirabilite, which upon simple exposure 
to the air loses its water and becomes anhydrous sodium sul- 
phate. However, the distance of the region from the consum- 
ers of sodium sulphate and the consequent high freight tar ill' 
has so far prevented their exploitation. 

The question as to their origin cannot be so easily disposed 
of. Of the various theories which have been propounded two 
alone seem to deserve consideration. Of these the first is that 
they are the result of the evaporation of the waters of uprising 
springs which are charged with the alkaline salts. The second 
is that they have resulted from the leaching of the surround- 
ing Mesozoic rocks. Let us first consider the latter. 

Assuming for the moment that these rocks are capable of 
supplying the amount of salts which we find in the depressions, 
let us investigate the conditions under which such deposits 
might be thus produced. In order to have a concrete case let 
us take the Union Pacific soda lakes which are situated about 
i'^ miles southwest of Laramie in Albany countv. We have 
here four lakes with a total area of about sixty acres. The de- 
posit of soda was reported to be fifteen feet thick in the deep- 
est part of the depression and was assuredly not less than ten 
feet thick. Allowing for the thinning out at the edges it is safe 
to assume an average thickness over the entire area of two and 
a half feet. Upon this basis of computation we find that there 
are 300,000 tons of the deposit. From the analysis of an av- 
erage sample of this deposit i)ublished by Pemberton and 
Tucker in the Chemical Xczi's, vol. (>8, j). 19, we find that it con- 
sists ot 34.85,'^ of sodium sulphate, i.i^V of sodium chloride, 
1.45;^ of calcium sulphate and 0.97V of mai^niesiuiii sulphate, or 
a total of 38.43^* of alkaline salts; and un this basis wo have 
115,290 tons of these salts in the deposit. 

The surrounding strata are Ft. Benton, and it is reasonable 
to assume that the percolating waters from whose evaporation 
the deposits are supposed to have resulted would have apj)rox- 
imately the composition of the water obtained from driven 
wells sunk in these strata. \\\' find that on the avera.cre such 
water contains a total of 50 grains ])er is^allon of the al)Ovc 
salts. The records of the Wyominc^ A<:,n'iculiiiral TCxpcTimeiit 
Station show that the averac^c yearly evaporation from a free- 
water surface is 40 inches. Therefore from an area of 60 acres 
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we would have 64,686,600 gallons exaporated yearly, leaving 
a solid residue of 231 tons. At this rate it would require 500 
years to create these deposits, assuming that evaporation takes 
place continuously and that none of the salts are removed. As 
a matter of fact the lakes are entirely dry during a good portion 
of the summer, when the evaporation is the greatest, and the 
milabilite then effervesces to a pulveulcnt mass which the pre- 
vailing west wind carries awav in clouds. Probahlv nut less 
than 2CXX) years would be required for the formation of these 
deposits under the conditions we have assumed. Xo records 
have been kept as to whether there have been any apparent 
changes in the extent of any of these deposits, and in the case 
of the one we have been considering the escape nf seepage 
water from an irrigation canal which now passes just above the 
lake has caused the re-solution of all the salts, so that it now is 
a lake of brine and bids fair to remain so. However. T believe 
all oljservers of these deposits will agree with the staterr.ent 
that there seems to be no reason to believe that any of tlicse 
deposits are accumulating at a rate much faster than that 
worked (nit above. Therefijre we arrive at the conclusion that 
the vaporation of dihUe solutions is sufficient to have caused 
these deposits and the assumption of uprising waters highly 
charged with these salts is not only unnecessary, but does not 
meet the conditions. Taking the deposits in general, the er- 
rors in the assumption in regard to the amount of water j: up- 
plied and the strength of the solution would t.end to counter- 
balance each other. 

The next point to be considered is the method of the con- 
centration. This may come from the seeping of the waters 
through the strata, finally emerging in the basin where they 
evapc^rate. Or the subsurface waters, evaporating over the 
entire drainage area, of which the basin is the lowest part, de- 
posit their load of salts on the surface. At the time of the 
spring rains the surface waters dissolve these salts and carry 
them into the basin to be later deposited by evaporation. Both 
methods find the salts in the strata in which the deposits occur. 
In the former, however, only the salts lying above the "lake" 
level could be brought in and in a comparatively short period 
the supply would be exhausted and no further deposition take 
place. In the latter, however, the salts might be brought up 
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from unknown depths below by osmotic action and the vohime 
of strata from which the supply may be derived mi§:ht thus be 
immensely increased. That the latter is the more probable 
source would seem to be indicated by the fact that shallow 
wells sunk near some of the depr^sits have \-ieldevl water that 
is fairly palatable, and also the results oi the work oi the Ex- 
periment Station upon hydrograph}- in the area gro to show that 
seepage from precipitated moisture is very vmall in amount. 
We now see how the amount oi wntor si:ppiied and the strength 
of solution are counterbalancinc:. f-r ihe amount oi salts 
brought to the surface yearly is constant and all would ho car- 
ried into the basin, irrespective of whether the precipitation 
was great or small. 

In the latter case the C'^'mputatirn sh^r.ld rather be based 
on the area of the drainage ba-^in. the average yearly evapor- 
ation from the soil, and tlu* strength «~t the subsurface solu- 
tions. So many mikn'.wn nuaniities are here involve<l that 
such a computation is impossible with it present knowledge, 
so that we shall have to all«-w the •riginal computation to 
stand, with due allowance for its errors . f assumption. 

In regard to the theory oi the origin of these deposits from 
springs, certain conditions are (.bvi* ais. The water must carry 
only small amounts of salts, or else much larger deposits must 
have been formed. Springs highly charged with salts, even 
though they did not break out into undrained depressions 
which might serve as evaporating basins, w(nild neccssarilv 
have produced small deposits. We h:ive no instances of de- 
posits except in these depressions, and it is of course absurd 
to assume that such springs would break out in such depres- 
sions alone. We have no record <tf any spring in the state 
which carries more than 150 grains to the gallon of the salts 
we have been considering. 

In the second place, the flow of such springs must be small, 
or else we would not have the drying uj) of the deposits in 
the summer months, which is so characteristic of the greater 
number of them. There are numerous c^ses where alkaline 
lakes do not dry up during the summer months, but in no case 
is the alkalinity of the waters of these sufficient to ju'=;tifv the 
assumption of contnuous evai)oration of an alkaline >npply. 
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Where do the alkaline salts come from? The spring the- 
ory has no answer to that question, beyond that they come 
from beneath. 

From a careful consideration of the evidence it would 
seem that both theories are right, and find their application 
in different instances. The southern edge of the valley of 
Rock creek, which that stream has cut in the crest of an anti- 
cline, is a ridge of hard Dakota beds. Near the crest of this 
ridge is an und rained depression containing one of these de- 
posits. We clearly can have no application of the first theory 
here, for with the exception of a low rim, the surface slopes 
away from the depression. On the other hand, we have nu- 
merous springs breaking out on all sides, all of them of water 
which is good enough to drink. These springs join into a 
small stream which flows into Rock creek. This seems clear- 
ly to be a case of a spring whose yearly flow^ is not equal to 
the yearly evaporation from its lake basin. In the case of 
the Union Pacific lakes we find a larger and deeper undrained 
depression, containing no deposit, a few miles to the north and 
another to the west. The absence of such deposits from these 
depressions is inexj)licable by the theory of the leaching of the 
surnnmding strata, since at least one of these depressions 
occurs in exactly the same strata. Therefore uprising waters 
from be ncath nuist again be the probable source. 

On the other hand, it seems almost certain that the leach- 
ing of salts from the surrounding strata must have at least 
aided in the formation of the alkaline deposits. The presence 
of efTlorescent cnists of alkali throughout the arid region 
shows that such salts are brought to the surface and surface 
drainage would naturally concentrate the alkali in the evapor- 
ating basin. Hence we arrive at the conclusion that both 
causes have operated, their relative importance differing in 
specific cases. 

As to the origin of the salts themselves there is almost no 
evidence to offer and without good evidence it is useless to 
construct a hypothesis. 

The position taken by Dr. W. C. Knight in Bull. 49 of 
Wyoming Experiment Station, "Alkali Lakes and Deposits," 
seems to be clearly untenable. He assumes that the salts 
have been carried down mechanically by the sediments as they 
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were deposited, but in such case it is difficult to see why 
sodium chloride is entirely absent in nearly every instance. 
The most definite statement that it would seem safe to offer 
is that they must have been produced during rock decomposi- 
tion by chemical reactions, the exact cause of which is not 
known. See the work of Hilgard on alkali in soils. 

SUMMARY. 

1. Deposits of sodium and magnesium sulphates of great 
extent exist in south central Wyoming. 

2. Tliese deposits offer a valuable source of sodium and 
its salts. 

3. The salts appear to have been in part brought to the 
surface by uprising waters and in part derived from the leach- 
ing of the surrounding strata. 

4. The origin of the salts has not yet been satisfactorily 
explained. 

April, 1904, Department of Geology, University of iyyo>n^ 
ing. 



NOTES ON THE PLEISTOCENE FAUNA OF 
SANKATY HEAD, NANTUCKET. MASS. 

Pj JusKPfi A. CusHMAN, Bostoti. Mas8. 

The geological events of this interesting locality have been 
a matter of considerable discussion since they were first defi- 
nitely treated by Dcsor and Cabot in 1847. The section ex- 
posed has changed somewhat in the ensuing time and only a 
portion of the original section is now exposed. The details 
of this are given by Merrill and are reproduced here. 

1. Fine dark drifted sand 3 ft. 

2. Yellow sandy drift 5 " 

3. Coarse gray stratified sand, etc 40 

4. Fine white clayey sand, etc 10 

5. Fragment Bed. [4] ^ " 

6. Upper shell Bed [3I 8 in. 

7. Clayey ferruginous layer 4 

8. Serpula sand [2] i " 3 " 

9. Lower shell Bed [i ] 

10. Rc3 sand with day i 

11. White sand 4 

CoTiGcaled 24 

Total IX) ft. 
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Pleistocene Fauna of Sankaty Head. Nantucket, Mass. 



List of Speciks. 



I. 
Lower Bed 



2. 

Serpula 



Bed Upper Bed : Bed 



4. Frag-' 
meiit Rang 



.! Spines only N 



S 
S 

s 
s 

N 

s 



Porifef'a. 

Cliona sulpliurea Desor Abundant ; ; ' S 

Echinodt'rmata. 

Strongyloccntrotus drobachiensis 

Mull 

Atifielida. \ \ k\ 

Serpula dianthus Verrill Abundant Hant ^ 

Hryzoa, . 

Hippothoa variabilis Leidy ; Common Common S 

Membranipora tenuis Desor Common 1 S 

catcnularia Smitt ; Common X 

Eschara verrucosa Esper ; On shells N 

Celleporaria incrassata Smitt (?) Several N 

Moilusca {Pelccypoda). 

Area pexata Say i ' x- 

" ponderosa Say I One speci'n 

" transversa Say Abundant x Few 

Ostrea virginica (imel Abundant x! Few 

Anomia aculeata (imel ' Common 

** simplex d'Orb x 

Mytilus edulis Linn Few ! Conmion N 

Modiolus liamalus \'errill I Common x S 

** modiolus Linn Many x N 

Crcnella glandula Totten Few ; Sever*!, largel X 

Thracia truncata Mighels and Adams! i Few* X 

Pandora (Clidiophora)gouldiana Dall I | One valve ■ N 

Astarte castanea Say ; i x Abundant X 

" quadrans Gould ! 

** undata Ciould _. 

Gouldia mactracea Linsley One speci'n', 

Veuericardia (Cyclocardia) borealis; 

Conrad 

Venericardia (CyclocardiiO iiovang- 

liae Morse 

Venus mercenaria Linn Abundant 

Var. Antiqua \'errill Abundant 

Gemma genuna Totten | Few 

Petricola pholadiformis Linn Rare 

Tcllina (Angulus) tcncra Say Several 

Macoma baltliica Linn 

Cumingia tellinoides Conrad Common 

Eiisis directus Conrad Abundant 

Spisula solidissima Dillw 

Mesodesn)a arctata Conrad 

•* deaurata Turton ' 

Mya arenaria Liim Abundant 

" truncata *' 

Corbula contracta Say ( )ni* valve 

Saxicava artica Linn Few 

" norvegica ■ 

Panopaea sf).? ' 



X N 

One valve ! X 

i S 

N 



Common 

Few 
Few 



X 
X 



A few valves 



S 

S 



Few 
Common 
Abundant 

X* 

Few 
Several 



Common 
One valve 
Fragments* 



■ N. S. 
S 
S.N. 
N 

S 

S.X. 
X.S. 

N'. s. 
. N 
I S 

s 

N.(N.) 

S 



• Rxact bed not given . referred iirovisionnlly to this bed by Prof. Vcrrlll or by the writer. 
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List of Species. 



MoHusca (Gastropoda.) 
Ha obscura Couth 



imia impressa Sav. 
trinda Gould.. 



I. 
Lower Bed 



Common 
Common 
Several 



liila interrupta Totten 

grcenlandica Perry 

ula convexa Say 

fomicata Lamk 

plana Say 

ulum striatum Say 

pinx cinerea Say \ Common 

ira caudata Say | One speci'n 

One s[)eci*nl 



2. 

Serpula 
Bed 



X 
X 



Not common 
Abundant 
Common 



X 

X 



Upper Bed 



(B. S. N. H.) 



Few 

Few 

I speci'n (v) 

(also Merrill )i 

One speci'n 



4, Frag- 
ment 
Bed 



Frag- 
ments 



Common 

X i 

One speci n 



s lunata Say 

I heros Say 

r. triseriata Say.. 

ita duplicata Say 

a aculeus Gould , 

1 planorbis F. & H 

ra noachina Gray 

m pulchellum Stimp 

iopsis greenii C. B. Adams 

mm undatum Linn 

trivittata Say Few 

(Ilyanassa) obsoleta Say | Few 

Ddomus curta Jeffreys Several 

lOn scalariformis Gould x 



X 
X 



Two spec'ns 



Foursi)ec'ns 



Common 

Ct>mmon 

Few 



X 



Crustacea, 

uscrenatus Brug Common 

eburneus Gould Common 

porcatus x 

jurus polliciiris Say One speci'n* 

)eus sp 



X 



X 



There are, according to bis ()l)servati()ns, lour main fossil- 
iferous beds, marked 1-4 on the section as here "ivcn. This 
division in place of the older idea of two beds j^ives additional 
characters from which certain coiicUisions may be drawn as 
to the fauna. 

It is the aim of the writer to i)resent the data in rej^ard to 
the faima of these four beds in a simple manner. Several new- 
species have been added since the ])ublicati(^n of pn^fessor 
Verriirs paper in 1875. These additions f')r tlu- most i)art 
substantiate the conclusions drawn by professor X'errill in 
regard to the faunas of the different beds, tbcit is, the oritj^inal 

* Bxact bed not given, referred provisionally to this bed either hj Prof. 
Verrill or by the writer. 



Range 
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S 
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N 

s 
s 
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N. S. 

N. S. 

S 
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N 
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S 
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S.N. 
S 
N 
N 



S.N. 
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N.(N.) 
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conditions under which they were fomied before transporta- 
tion. 

From the pocket-like character of the shell deposits as well 
as other characters of the material in which they are at pres- 
ent found, the idea that they have been transported or at least 
secondarily worked over by water, must, it seems, be accepted. 

The whole fauna as here given consists of 71 species and 
2 varieties, ten of these species having been added since pro- 
fessor Verrill's list. Of these Panopaea sp. and Mesodesma 
deaurata (M. jauresi) w-cre added by Hollick; Caecum pul- 
chellum, Astarte quadrans, Cingula (Rissoa) aculeus, Solari- 
ella f Margarita) obscura, Skenea planorbis, Trophon (Fus- 
us) scalariformis, and Area pexata were added by Merrill, and 
an excellent specimen of Area ponderosa was found among the 
earlv collection of Mr. Scudder bv the writer. 

In the last column of the table is given the range of the 
species either to the north or south. In some cases it is about 
m the' middle point of its range and both letters are given, the 
one indicating the greater range being given first. In one or 
two cases the species is not now found living at this point and 
this fact is indicated in the column by repeating the letter indi- 
cating the range in parenthesis, as N. (N.) meaning that the 
species does not at present range south to this point in shallow 
water. 

Relations of the Fauna of Bed. No, /. 

At the present time there are forty species and varieties 
which have been identified from this lower bed. The one 
crustacean Eupagurus pollicaris is hypothetically referred to 
this bed by professor Verrill. The only specimen was found 
bv Desor. Of the fortv forms thirtv-two have a decidedly 
southern range ; one other, the var. antiqua described by Ver- 
rill, is limited to this locality as far as known. Of the remain- 
ing seven forms with a northern range, two have a decided 
southern range as well, of the remaining five, three species are 
found rarely in this lower bed and much more commonly in the 
bed above, the other two remaining species being decidedly 
northern, one of them only now found at this point in deep 
water. TlKTcfurc 87,'l><i' of the fonns found in 'this bed would 
be found nKjre commonly to the south of this point today. 
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while all but one species of the others would Ix^ found, al- 
though near the southern limit of their rango. 

Relations of Fauna of Bed Xo. J. 

In this bed the earlier writers mention simply Sorpula and 
its encrusting bryozoan. Merrill found in his work on it six- 
teen additional species, giving this bed a distinct fauna of its 
own. The forms found indicate a change in conditions and 
especially a transition toward the faunal conditions of bed 3. 
Of these sixteen species, thirteen represent those that were 
present — in most cases abundant — in the first bed and which 
either disappeared entirely or were limited to few specimens 
in the upper bed. They represent the remnants of fauna Xo. 
I left before the completed change of conditions sent them 
out entirely. 

Oif the other three, one, a northern species, has been fount! 
only in this bed, the other two represent northern species w-hich 
make their first appearance here, but are found again in one 
of the upper beds. Thus the transition character is easily made 
out, having the last appearance of manv of the southern species 
of the lower bed and the first appearance of nortlurn species 
of the upper beds. 

Relations of the Fauna of Bed Xo. ?. 

• 

From this bed forty forms are now known including four 
species placed here hypothetically. Of these twenty-six did 
not appear in the first bed. Of this last number twenty-four 
have a decidedly northern range. CU" the other two, one is 
referred hypothetically. simply fragments being iound. while 
the other is represented by a single specimen. Tliose species 
which were found in the lower bed are re])resenie(l by very 
few specimens in almost all cases. The fauna of this bed then 
represents the com|)letion of tlie clianged conditions and a 
much more northern fauna due to much colder water while the 
earlier, more soutlurn sj)eoies have eitlier entirely (li^ai)pearetl 
or are represented by few individuals. 

Relations of the Fauua of Bed Xo. 7. 

This bed according to AFerrill contains eleven >peeies. Their 
relations are decidedly northern, l-'our cf these liavr not ln.rn 
met with in the other beds. ( )f tlu>e. three have decidedly 
northern ranges, the fourth being almost limited to this gen- 
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eral locality. Of the other seven, six represent species of 
northern range not found in the first bed. The other one 
represents a species found in all the beds. This bed consisting 
as it docs mainly of fragments shows probably far less of its 
original faunal members than the other beds. From those 
which it docs contain it probably represents a condition not 
unlike the present except that the southern species were not 
again established at that point. 

Whether the idea of transportation of the material is ques- 
tioned or not there remains the fact that there are represented 
by the contained fossils, four distinct stages. All four stages 
probably represent a period during freedom from the ice sheet 
somewhere between the earliest and latest advances. 

Two species. Area pexata and Ostrea virginica, were found 
bv Merrill in a bed intermediate between Beds 2 and 'K. Tht 
list as here given includes all the species and varieties reported 
from these beds, the name^i used, being as far as possible, ac- 
cording to latest usage. 



LAKE OTERO, AN ANCIENT .SALT LAKE BASIN 

/ IN SOUTH-EASTERN NEW MEXICO. 

/ 

/ By C. L. Hkrkick. Socorro. New Mexico. 

PLATE XI. 

To a mind endowed with some ^rnaginative powers one 
of the attractive features of geological study is the continu- 
ous series o[ panoramic portrayals r»f earth-building which it 
sj)reads before one — pictures which present the grand out- 
lines of continents and seas during tlie course of profound 
changes requiring ages for tlieir completion. It is a very 
apathetic mind that is not stirred by the sheer immensity of 
many of the geological movements which are plainly evident 
in the configuration of mountain a.id plain, especially in the 
arid region where there has been little glossing over of the 
rude narrative. 

This sense of the innnensity of geological manifestations 
is felt in any mountainous region in the Southwest equally 
from two points of view. The evidence of profound faulting 
and dislocation is so clear and convincing as almost to over- 
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shadow the still greater, if more gradual, \v<^rk <n* cn^sion 
which has planed away the broken or archinp: strata, Icavinp: 
the clear outlines of faulting more plainly in view tlian in 
any other region whatever. 

Any peak of the San Andres or SMoranu'nto mountains in 
south-eastern New Mexico may become a voritabk* Pi<.tr''^b \o 
the trained observer, though it is liivtory and n<ii i-jrophoy 
that will occupy him. Tlio writer h;i^ brit-lly desi'rilH'd tlie 
valley of the "white sands"* Inu in llie j^res^nt ]ia]u'r \\r 
are able to trace historical features not liiilierin jMiMi^l^. d. 

To one standing upon the fcH)t-!iills of the White nr 
Sacramento mountains on the mf>rnini' of a eUar dav and 
liK)king west there is presented a view wliicli eamiot Ix- dupli- 
cated elsewhere. At his feet is a ne'rly level ])lain erossed 
from U'jrth to south by the VA Taso and Xortli Ma^tcTti Rail- 
way and dotted with a ntnnlier of vilL-'L^'e-; pifiniincnt amonc: 
which is the new city of Alanioj^(»rdo. cirli sittUuMnf bcinc: 
jiicked (Hit by the bright gre<'n «ff tlie unfailing (*f>ttnnwo(HN. 

The vivid green of llie grease- \v<:-H il.dria) fades as the 
plain is f«:)llowed west. XunienMis eaivm^ from iIh- h.^t hills 
extend as arroyos all conver^ring toward tiir central p^ rti'-n of 
the plain where they ahruptly disap]i';>r Still heyind. rov 
ering an area of over ^cio sipiare mile--, is a .lireai while e\- 
p:in?c of gypsum san<ls whose paralU*! huir^ sc-m like fro/en 
waves. It is impossible l«"* e^eajie I'le im])rt'«i«in ihat oiu* is 
locking out up<'>n a gnat arm <'f ilie -ea breaking in ff):nn- 
like hillows upon a low shore. P»evond, i^rev in the ilistanee, 
are the outlines of the San Andres, whom- irreijnlar en--t^ are 
cappfd with Car!)r»niferons limestone <l'i»nini^ \\r-.t. 

.\* recent opportiuiity afforded hy a <nrve\ nf ihi< arra 
has nemiitted the writer t'» .-Tnd\ this plain in i'M]ivifl<rabh' 
detail and not only to ^i-enrr rvid«-n n- .'f \\w truth of \\\o 
theory of origin of the "white -and-"" advant^-d in fhe j)re- 
viou? paper but also to work ont the -i-neral I'tnliin*- ^^\ ihc 
history of the entire basin. 

The origin of the great vallrv li-M.v,-rii \W Smu Andrts 
and Sacramento moimtains ■- \^^ he I'trihntrd. .1^ j.n-vion^lv 
sugg^ested, to a great antielin<- -inn^ir i." i^at . f ihe ]\io 
^iranHe vallev. This axis is nt-nrh no-Mi ;,n<j ^..inh ])nt i- ni^t 



* Ball. Vttir. Sew Afex., vol. ii. lasr 
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continuous in the same straight line to tlie north, for the 
Oscuro mountains, which are almost the direct northward 
continuation of the San Andres, form the other limb of the 
anticline, dipping east instead of west, there being a region of 
sharp flexture about a short axis or pivot near the north end 
of the San Andres, giving rise to the Uttle Burros mountains. 




Notth end of San Andn* SBnge. 

The conditions reoresented in this little sketch are of suffi- 
cient interest to permit a remark. It would appear to the 
casual observer that the Oscuro and San Andres mountains, 
separated by the Mocking Bird pass, 'orm part of the same 
system, but even hurried geological examination reveals the 
fact that the dip is in opposite senses and that the region of 
the pass is a part of neither the Oscuro nor the San Andres 
system but forms a distinct element. When compared with 
the Oscuros it is faulted so that the base of the Carboniferous, 
or at least the granite contact which js some 1500 ft, above 
the plain in the south end of the Oscuros, drops in the Little 
Burros to, and in snine jilact-s below, ;he general level. What 
is more .surprising is the fact that a part of the north end of 
the San Andres is involved in this little Burro mass. Tlie 
fault represented north nf Capitol peak has not been studied 
closely and ni;iy not extend through the range as represented. 
At any rate, the Carboniferous hills of the Little Burro block 
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abut against the granite of the north end of the San Andres. 
The entire northern ridge of that rancre is bare of stratified 
rocks. To the south of the fault in:iicatcd the dip of the 
strata is uniformly to the west. The lava flow, part of which 
is represented, extends for about fifty miles uninterruptedly 
in the vallev east of the Oscuro mountains and ends abruptly 
on the plain formed by the basin of lake Otero, the upper 
part of which was covered by it. 

In the main, and south of the Little Burro block, the 
anticline is relatively simple and not unlike that illustrated as 
typical of "basin range" structure in T^ussell's article on lake 
Lahontan (1. c. fig. 44) with which regiim the present locality 
is naturally compared. The dip on both sides, in the San 
Andres and Sacramentos respectively, !? moderate and subject 
to much local variation. 

It may be presumed that the orographic llcxture creating 
this axis dates from a perirxl earlier tlian that of the sedi- 
mentaries deposited on the granite which is everywhere their 
base, for it seems to be true that the \nvest sedimentaries on 
the east (Sacramento) side of the valley are of earlier age 
than those exposed in the San Andn s. <>r, in other words, 
the formation was not homogeneous nor was it uniformly de- 
posited across the incipient uplift. This uj)lift probably ex- 
posed the granite during the Ciarhoni ('.-reus- Permian interval, 
if such there was, though the greater part (^f the granitic 
material characteristic of the lower Permian may have cr)nic 
from special (focal) uplifts like that fc^rming the foundation 
for Sierra Blanca north of tlie Sacramento range. 

If we were to assume that the entire Pernio-Carbonifer- 
ous was uninterruptedly laid down bofore the arch began to 
be sprung this would mean that a tremendous elevation was 
at one time reached and a still more etiormous erosion would 
be required, for, granting a thickness of say ^(-KX) feet to the 
sedimentaries, even a very tlat arch w<»uld have the effect (»f 
carrying the summit to a great higlit mi the forty miles or so 
intervening between the buttresses left as the ranges men- 
tioned. But it is certam that the flcxtMre was accompani<'(l by 
faulting on a large scale. 'i1u- -mall r'.l,i4<* forming C'errito 
Tularosa east of the "sands," and ot'urs farther j-«nuh but 
along the. same axis, are of dark earthv limestone with fossils 
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supposed to be of Pennian age, and evidently represent the 
tops of faulled blocks indicating a dro]) of perhaps 4000 to 
5000 feet. Similar conditions are not known to exist on the 
west side of the vai!e\- but the tops of faulted blocks may be 
buried Ixneath the sediments. 




It is clear tiial the axis of uplift became a drainage axi^^ 
quite early. Tn the eaM the sodimenfaries carried to ihc top^ 
valley, where, as I am infonne<I by Dr. W. G. Tight, who ha«f 
studied the region, they form the \vatcr-I)eanng horizons oc 
that celebrated artesian area. The same inav prove to be true 
of the plains to the west of the San .Viidit's known as the 
Jourado del Muerto (Journey of Death). Ahhough the 
fractuK' axis of our valley may have h'-en early, the latest u]i- 
lift oi the Sierra lilanca was certainly later'tban the Cretace- 
ous for Mr. 1!. N. Ilerrick has coll-ctetl Fox Hills fossils 
from well up on the western sli>i)e and a curious broken area 
of Cretaceous iniersected by dikes of recent basalt occupies 
a position at the base near Three Rivers and this block is 
faidied down to the level of the I'ennian which borders it. 

It may be supposed that the great faults which reduced 
the valk'V tn sonielhing like its present level occurr.-d during 
lale Crei:K\'ius nr Tertiary time, though even greater disloca- 
tions may have followed the period of ihc Red Beds, i. e, at 
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the time of the great early basic (inostlv andesitic) flows and 
the succeeding acid eruptive period. 

There is much to lend plausibility to the theory that a river 
of considerable magnitude occupied the valley and flowed 
south to enter what is now a part of Oie Rio Grande valley. 
At any rate, a change was introduced by the basaltic overflows 
which produced a great sheet of ''mal pais" occupying the 
valley east of the Oscuros and possibly serving to cut off the 
superficial waters from the north. It may be that other 
causes had operated to occlude the original outlet to the south 
for it seems that a long period of lacustrine quiet had preceded 
this lava flow. Perhaps the condition of periodic rain-fall 
or arid status had assisted in silting up the outlet. 

There is room for much detailed •-'.tudy in coimection with 
all of these questions. At any rate, it may be regarded as 
certain that the great basin north of the Jarilla mountains an<l 
extending northward to east of the Oscuros uas for a very 
long period covered by a salt lake in which gyi)sum, salt, and 
saline alkalis were deposited with intermittent regularity. 
Thus were formed the great saline iK'ds which we venture to 
call the Otero maris. This formation has been penetrated bv 
wells to a depth of some 200 feet in many places and every- 
where reveals a succession of gypsum :»nd saline beds inter- 
calated in g>-psiferous marls. It is imnossible to guess at the 
thickness of this fonnation. It may very possibly prove to 
be of Tertiary age, at least in part, as it seems to pass undis- 
turbed under the lava beds at the norili end of the vallev. The 
upper surface, where exposed, is a [)lp.ne and the superposed 
sandy marls (Tularosa Formation) are <listitictly differen- 
tiated. 
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Section across old L;tkc Otcro. 

The upper or Tularosa Beds an: rarely over twenly-five 
feet thick and in many places cMitain fresh-water lacustrine 
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shells. It would appear, therefore, that the line between the 
upper and lower beds marks a period of transition to a time 
when more water and more sediments entered the lake from 
the sides. The lake was divided during this period, probably 
near its close, into two parts which may have been connected, 
as now, by a narrow strait. The division is apparent to-day 
as a bank rising some twenty-five to forty feet above the beds 
of the residual lakes and is nearly parallel and adjacent to 
tlie north boundarv of Doiia Ana countv where it crosses 
the valley. 

The sandy marl of this period is usually quite fine and 
may be g}'psifcrous. It has apparently been derived from 
the Cretaceous sandstone and shale and the soft gypsiferous 
shales and sandstones of the Permian. This jx^ints to the 
probability that the change from the lower to the upper forma- 
tion may have been due t<) the lava flow which penetrated the 
border of the lake and doubtless laid these formations open 
to fresh erosion. If these intrusions w«Te of the same age as 
the flow covering tlie northern part of the valley the latter 
may at the same time have served to rut oflF connection with 
saline districts to the north. 

In the absence of more tninutc investigation it is useless 
to speculate as to the entire course of the original river valley 
but it is obvious that even the present drainage area tributary 
to the great salt basin is suflicient to supply an enormous 
amount of water which must either find an underground out- 
let or return to the atmosphere through evajx^ration. The 
amount lost in the latter wav is reduced bv the fact that the 
waters tend to bury themselves under the upper or Tularosa 
fomiation. A crnnparatively small part of even the local 
flood waters remains uix)n those playas which represent the 
last remnants of the original lake Otero. The streams 
flr>wing from the lateral canons soon lose themselves under 
the sandy strata occupying the middle of the basin. Water 
may be found by penetrating the Otero beds at any point 
and frecjuently near the top of that formation. All such 
waters are strongly impregnated with common salt and alka- 
line salts and jvith gyjisum but tlifferent strata in the same 
well may aflford water very dissimilar in i)f>int of salinity. 
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In describing this basin one is forcibly reminded of Mr. 
I. C. Russell's account of lake Lahontan ; in Poweirs Third An- 
nual Report; indeed, much of his description of the Great 
Basin applies, on a reduced scale, it is true, to the region in 
question. "No streams that rise within it carry their con- 
tribution to the ocean, but all the rain that falls inside the rim 
of the basin is returned again to the ntmospliere, either by 
direct , evaporation from the soil, or, after finding its. way into 
some of the lakes that occupy the depressions of the irregular 
surface. The climate is dry and arid in the extreme." It has 
been a matter of frequent observation that during the early 
part of the rainy season clouds from w-hich rain is falling in 
torrents will pass over such dry reaches of sand intensely 
heated by the sun and, on reaching their l)orders, the rain 
will fail to reach the earth and SQon perhaps the cloud will 
cease to precipitate but may resume its occupation on reach- 
ing the farther (cooler) side of the plain. 

The mountains bordering the lake basin conform to the 
**great basin type." "They are long narrow ridges usually 
bearing north and south, usually steep upon one side, where 
broken edges of the composing beds arc exposed, but sloping 
on the other with a gentle angle conformable to the dip of the 
strata. They have 6een formed by the- orographic tilting of 
blocks that are separated by profound faults, and they do not 
exhibit the synclinal structure commonly observed in moun- 
tains but are monoclinal instead." 

To this description it may be remarked that the structure 
in question is by no means limited to the Great Basin, for 
throughout a great part of New Mexico this is the type of 
mountain formed where Carboniferous and earlier strata are 
involved in the uplift. It is a mistake to suppose that this is 
essentially a monoclinic type. Anticlines exist on a grand 
scale but these arches grow coincidentally with vast erosion 
and faulting and were often greatly altered by later intrusion 
phenomena which, as I have repeatedly pointed out, com- 
monly chose one of the lateral axes of the anticline for the 
play of their disturbing forces. 

Much as it has been altered bv late disturbances and 
enormous erosion and sedimentation, it is impossible to fail 
to recognize the anticline of the middle Rio Grande valley, for 
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instance, yet it is not common to find both sides clearly pre- 
served at any one cross-section. The eastern limb is seen in 
the Sandias and Manzanos, the western, farther south in 
the I^ulronnes, Limitars and Socorro ranges, while still 
further south the river turns west brU remains in the anti- 
clinal vallev, the eastern border of which is formed bv the 
San Cristobal and Caballos ranges. The eastern limb is nearly 
covered east of Socorro.* 

We do not conceive of this great fold (nor that ea^t 
of it, f<jrming the basin under consideration ) as narrow jjlica- 
tions but rather as great undulations widi irregularities which 
may in ])laces almost obscure the general north and sr)ulli 
trend. The fi.undalion for these <.)r()graphic changes wa> laid 
after the u])heaval that closed the granite- forming period, that 
is prior in the deposilinn oi the Carboniferous (farther south. 
Devonian) limestones that repose upon the granite. The 
u])per surface ni the granite is ])laned to such an extent thai 
the contact at a distance appears a right line. These- sedi- 
ments, in so far as they are not calcarerms and so derived di- 
rectly ivom the t;cean, seem to have come from the surviving 
peaks or land masses uf granite not covered by the Carbonif- 
erous sea and there is everv reason to believe that durini: the 
Carboniforc us-iVnni.'m inlervid (if interval there was) an u})- 
lift presented more of the granite material to the tooth of the 
waves. Tlu' iiiH*')nformiiies thus indical'*d seem to have beeit on 
a large scak a!:d an* so broad in their contours as to defy detec- 
tion in a small field of observation though when once worked 
out lluy may be strikingly nbvic)us. Reverting to our de- 
scripti<ni, we again (|uote Mr. Russell: "The valleys or i)lains 
separatmg the mountain ranges . . . are often absolute des- 
erts, totally destitute of water, treeless for many days' jour- 
ney, the grayish green Jrtciuisia or *'sage brush" giving 
character to the landscape. Many of them have playas in 
their lowest (le])ressions — simple mud nlains left by the evap- 
oration of former lakes. ... In the summer months portions 
of them become so baked and hardened as scarcely to receive 
an im])re>sion from a horse's hoof, and .so sun-cracked as to 

4 

reisemble tessellateil i)avements of cream-colored marble. 



• Laws of Formation of .\c\v Mexico Mountain RanKca. Aukrica.n 
Gbolooist, May, 1 U04-. 
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Other portions of the valleys become incriisted to the depth of 
several inches with alkaline salts which rise to the surface as 
an efflorescence and give the appearance of drifted snow. The 
dry surface material of the deserts is sometimes blown about 
by the winds, saturating the air, or is caught up by whirl- 
winds and carried to a great hight, forming great hollow 
columns of dust. These swaying and bending columns, often 
two or three thousand feet high, rising from the i)lains like 
pillars of smoke, are a characteristic feature.'* 

The above might almost have be'.Mi written of the Otero 
basin, which, nevertheless, has peculiar features of its own. 
Prominent among these are the great rlunes of gypsum sand 
occupying fully 300 square miles lying immediately cast of 
the largest playas. These ''white sancN" have no counterpart 
elsewhere and have fre(|uently been di'scribed.* It must n(^t 
be supposed that the area of the white ^^'avuX^ \< absolutely bar- 
ren. On the contrary, it forms the c^nly j)art of the basin 
which supports a thrifty growth of vegetation. This C(ni- 
sists of occasional clumps of cottonwood trees and clusters 
of bushes of various species as well as of Artemisia and 
grasses. There are even small flats covered with ( irama 
grass forming excellent feed. The suT)eriority •f the vegeta- 
tion over other parts of the basin is chiefly t(^ be attributed to 
the hygroscopic nature of the gypsum. We found, for ex- 
ample, in the midst of a very dry time when the surface of the 
dunes was so hot that one could with difficulty endure the 
beat upon the bare hand, that a few inches below the surface 
there was a layer of damp sand several inches thick. ]>elow 
this layer the sand was perfectly drv. Kven in very hot 
weather this area is very ax)l at night nnd this is the result of 
precipitation, evaporation and repreci^jitation ui)on the sands. 
Experiments made at the Agricultural College of Las Cruces 
show that the g>'psum is of value in increasing the growth 
of wheat and other crops upon soil with which it is mixed. 
This appears to be wholly due to the hygrr^scopic action of 
the g>-psum. It is probable that, wh'Mi proj)erly understood 
and utilized, this property will be made greatly to benefit ag- 
riculture m the arid belt. A sutTicicnt c<>verin<j ov admixture 



• Cf, Bui. UnlY, New. Mex., vol. ii. 
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of gypsum might render soils to some extent immune to 
droughts. 

The dazzling whiteness of the sand is strongly contrasted 
to the unusual greenness of the vegetation. Travel over the 
sands in the day time during summer is dangerous and the 
peril is even greater during severe wind storms in winter. 
Two travelers perished on the day following the escape of our 
party on a previous visit in January. S*5ven hours rapid walk- 
ing over the sands and adjacent salt flats without food or 
water in July convinced one of our party of the grave pos- 
sibilities of any miscalculation of time or distance in this 
region. These natural difficulties are greatly increased by the 
undrinkable nature of the water of sp»*ings and wells in this 
region. Animals and even men become innured to its use 
but vast numbers of domestic animals perish from its effects. 
We lost a valuable horse from the effects of drinking from 
a well used by hundreds of animals and the occurrence is not 
unusual. All watering places are surrounded by carcasses of 
cattle and horses. 

To the residual lakes found in. the old basin the de- 
scription of Russell applies, and as some interest attached to 
the parallel, we again quote:* "Other lakes, which indicate 
still more pointedly the contrast between an arid and a 
humid climate, we may call playaf lakes. These are broad 
sheets of shallow water, covering many square miles in 
winter season, but evaporating to dryness during the summer, 
their beds becoming hard, smooth mud plains or playas. In 
many instances a lake is formed over a playa durin^g a single 
stormy night, only to disappear beneath the next noon-day 
sun."' ' . / ' 

The effects of the universal whiteness on life is seen in 
the case of certain lizards, beetles and spiders, which become 
nearly perfectly w-hite. A question of considerable biological 
interest arises in this connection, namely, whether a long in- 
terval of time was necessary for such adaptive changes, or 
whether the adaptation occurs as a result of direct and 
prompt nervous reaction such as the paralysis of the nervous 

• L. c. p. 198. 

t The word pinya primarily mennii a shore or beach. It wonid be inter- 
eating to know how it comrw to be applied to these nnd flats. One is tempted 
to think of a confusion of terms. C. L. H. 
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apparatus controlling the chromatopho'-es or the bleaching of 
the colors themselves. In the case of the lizard, Holbrookia 
texctna, which is a rather poor pedestrian, the transformation 
of the upper parts is nearly complete but the characteristic 
blue bands remain below in contrast to the original white of 
the under parts. Crotophytus colaris, 1 very fleet and active 
species which can, upon occasion, pick up its tail and fore feet 
and make great progress as a biped, like some of its gigantic 
forebears in the west, is little if any modified so far as ob- 
served. 

Extent of Lake Otero. — So far as we can now determine, 
the area of this ancient lake may have been from 1600 to 1800 
square miles. We have made no examination to the south 
to ascertain if the nature of the barrier can be made out. It 
may have extended nearly to the Jarillas mountains. From 
the nature of the case, the old shore lines must be deeply 
buried under the talus from the mountains whose fans spread 
out a great mantle of lime debris. Near Alamogordo at 
the mouth of one of these mountain canons a well was drilled 
over 800 feet without reaching solid rock. Along the gradual 
slope west of the southern tongue of mal pais, i. c. along 
what was the northwest border of the lake, erosion has ex- 
posed what seem to be remnants of old lake benches. At no 
other place have they been observed though three or four 
distinct benches border the playas upon the Tularosa forma- 
tion. 

We may assume that the saline lake began in Tertiary 
time and continued with minor changes to a period of disturb- 
ance which mav have coincided with the lava flow alreadv 
mentioned. If the extrusion of so vast an amount of lava 
caused a sinking of the northern part of the valley, a deepen- 
ing of the lake would result and a co»-responding diminution 
in extent which might account for a greater depth of water 
and a corresponding freshening of it. The extent to which 
the sheet has beeh undermined by subterranean erosion indi- 
cates a considerable antiquity. It is moreover possible that 
the Otero beds do not really underlie the lava, as they appear 
to do, in which event our only clue to the age of these beds 
is inapplicable. 
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The Otero Formation, as already described, consists 
of marls with gypsum and saline beds. The upper surface 
wherever exposed seems a plane and the line between the 
Otero and Tularosa beds is sharply defined. Wherever the 
level of the Otero beds is reached, as in the playas and 
streams about the margin of the basin, saline conditions pre- 
vail. Sometimes these salt flats are bare and covered with a 
thick deposit of salt and alkalis as well as gypsum, while in 
other cases there may be .some soil commingled and the sur- 
face is sparsely covered with "salt bush," "salt grass" and 
other plants of the distinctly saline flori. Along the margins, 
where the fans from the canons have added to the original 
deposits, the flora is increased by greise-wood (Lana) mes- 
quite and the typical desert facies. The salts upon the playas 
differ in different cases. In some ca^es, when dry, there is 
a layer of nearly pure salt (chloride of .sodium) several 
inches thick. More frequently other sn)ts occur in considera- 
ble abundance. When carbonate of soda preponderates it will 
often form a dense crust in which little common salt is a 
prominent ingredient. Borax and carbonate of potassium also 
occur under somewhat different conditions. There seems 
to be considerable uniformitv in the amount of salt in the 
several divisions. Thus in the series of playas north of the 
barrier above described as separating" the great western salt 
lakes into two portions an average of two samples gave over 6 
per cent of salt, while to the south of the Soda lake which is 
tlx? southern part of this chain gave an averge of 14.6 per 
cent, besides large quantities of other ^alts. This might seem 
to indicate a tendency to concentrate toward the southern 
part of the area. Nevertheless the area near '*Mal Pais 
spring" which issues from the southern end of the lava 
sheet, and the flats of the northern end of the old lake Otero 
are heavily charged with salt. An average of over 15 per 
cent was found here without including several lakes whence 
commercial supplies of salt have been taken and which afford 
a continuing supply of the pure mineral. 

All the arroyos in the east side of the basin are saline. 
The water flowing in Lost river, for example carries 7 per 
cx.'nt sail while snil in 'I'ularo.'^a arroyo runs 7.8 per cent. The 
salt lake into which Lost river flows is saturated brine and 
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furnishes commercial supplies. Analyse*^ of the "white sands" 
show that this gypsum sand contains very little salt. 

From what has been said it will appear that along tht 
entire western border of the old lake the later formation has 
been removed, perhaps by combined -vinrl and water action, 
leaving the Otero salifcrous formatioti exposed over several 
townships, the material therefrom havingbeen driven eastward 
by the prevailing winds. The eastern margin is suffering 
destruction in another way. Streams from the Sacramento 
mountains attack the sandy upper layers (Tularosa forma- 
tion) and by driving their waters again^^t the advancing dunes, 
forming deep arroyos and, preliminary to them, series of sink 
holes in which in some cases water may Ix? heard running. 
The arrovos are extended and new oties are formed bv the 
confluence of these sink holes. During wet times the roof of 
such caverns mav cave in and we hav^ found the bodies of 
cattle, head downward, in such falls. It is aj)parent that so- 
lution rather than erosion is the great agent of destruction 
here. The arroyos so fonned may end abruptly against the 
central dune area or may fomi salt flats along its eastern 
margin. These arroyos are covered with salt grass and salt 
bush and have the usual saline efflorescence. 

Much of the drainage from the east is not by way of open 
arroyos but reaches and even jx'netrat^s the Otero formation 
and passes through underground channels. I'^equently these 
underground waters meet obstacles, or jxThaps create them 
by depositing lime and gypsum, and so are forced to find 
an escape at the surface. These sprinirs have a considerable 
A^tesian head, building u]) cones to the bight of twenty-five 
feet or more. Attempts have been made to utilize these arte- 
sian waters for irrigation but in all crimes so far as followed 
up the results have been disaj)pointin<;- because of the saline 
impurities in these waters. F.xcavat'on has in some cases 
opened large subterranean chambers in tlu- vicinity of such 
springs and the soil is marly and inapt for cultivation. 

The Tularosa Foruuititni lias been incitk-ntally described. 
It consists of sandy marl largely gyp^"ifcr()us and mo<lerately 
saline. It is usuallv covered witli scant v desert vecrctaiion 
and is rolling from the dune formation usually accompanying 
it. The presence over its entire extent oi recent fresh -water 
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shells serves to indicate a comparatively fresh condition of the 
waters during the hight of the period. 

Economic Exploitation. Some cftorts have been made 
to utilize the g\*psum sands, a companv having been formed 
operating from Alamogordo for the manufacture of cement 
and artificial stone. It would appear that the more impure 
deposits occasionally occur in such mixtures with earth and 
vegetable matter as to require no retarder and simply need 
to be partially burnt to be ready for use. Artificial stone and 
stucco arc produced but much remains to be done in the 
practical exploitation of what will sometime prove a great in- 
dustry and afford a substitute for the lumber which at no 
very distant date will disappear from the southwest. Mexico 
affords an illustration of the great variety of uses to which 
a cheap cement may be put. Irrigation ditches and wiers as 
well as very substantial buildings are constructed of com- 
binations of adobe, poor brick, and cement. In this country 
the use of slow setting ("dead burnt") plasters is not in 
vogue %o that great care is necessary to get the right degree 
of dehydration. 

The entire reeion is strictlv saline and the thin covering 
of sandy marl of the Tularosa formation does not disguise the 
fact, though in the vicinity of the talus fans, especially on 
the east side of the valley, tiiere is a fringe of good soil which 
will prove very productive when irrigated with fresh water. 
Such towns as Tularosa and La Luz near the base of the 
mountains are surrounded by thrifty orchards and alfalfa 
fields. There is little doubt that mountain reservoirs may 
do much towards the reclamation of a part of this area, bdt 
in the bed of the lake out from the immediate margin the 
salinity of the Otero formation will always impregnate the 
superficial layers. 

Although the only economic use so far made of the 
vast deposits of salts has been that of ♦^he local stock men who 
occasionally drive into one of these flats and shovel up a 
load of salt, is is probable that a large industry will one day 
be carried on here. It will be found possible to evaporate the 
brines by a solar process on a very large scale and the cement 
for making the pans is immediately at hand. Cheap coal 
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for refining will be available and it '^s only a matter of 
time when salt, soda and borax works will be erected. 

It is not impossible that fresh water could be found by 
deep drilling and a partial artesian head would probably 
be found. In this event the exploitation of the district will 
be facilitated. If one or more of the extensive irrigation 
schemes now on foot are carried to a successful completion still 
greater impetus will be given to manufacturing enterprises in 
this vall^\ 

In conclusion I have to thank Mr. A. J. Hunt and my 
son, Mr. H. N. Herrick, for assistance in the work covered 
by the present paper. The chemical work* involved was all 
done by the latter. I also am indebted for sundry suggestions 
to Dr. W. G. Tight of the University of New Mexico. 



EDITORIAL COMxMKNT. 



THE COLOSSAL BRIDGKS OF UTAH. 

Mr. W. W. Dyar describes and illustrates in the Century 
Magazine for August, another great American wonder. Time 
was when the natural bridge of Virginia was held to be worthy 
of a long journey. It is rare indeed that the erosive forces are 

so balanced against the varying endurance of natural rock cliffs 

« 

as to excavate and undermine and leave intact a span of the 
firmer rock arching over an eroded softer stratum. Rare as this 
may be it is certainly rarer that arches as majestic as those de- 
scribed by Mr. Dyar should be wrouglit and preserved through 
the vicissitudes of Pleistocene time and remain to the present — 
indeed it is certain that no natural bridges equal to these are 
known in any part of the world. The unexplored interior of 
Africa may disclose natural arches of equal hight and span, but 
until such are discovered those of Utah will verv easily rank 
first and will challenge the admiration of American travellers. 
These bridges are near the head of White canyon in San 
Juan county. "Their walls and buttresses are c()ni])osed nf 
pinkish sandstone, streaked here and there with careen and ox- 
ange-colored moss or lichens." The Caroline bridc^e, by a se- 
ries of rough triangulations was found to measure two hundred 
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and ci{?ht feet, six inches from buttress to buttress across the 
bottom of the canyon. From the surface of the water to the 
center of the arch above the hight is one hundred and ninety- 
seven feet, and over the arch at its highest point the solid mass 
of sandstone rises one hundred and twentv-five feet farther, 
to the level floor of the bridge. The causeway of the bridge, 
over which an army could march in columns of companies, as 
remarked bv Mr. Dvar. is therefore three hundred and twentv- 
two feet above the stream. The floor of the bridge is one hun- 
dred and twenty-seven feet wide. Unfortunately, owing to tlic 
winding course of the canyon at this point and the consequent 
lack of perspective, the travelers were unable to obtain photo- 
graphic views conveying to the eye any ad<?quate expression 
of the majesty of this bridge. Still Mr. Dyar succeeded in get- 
ting a sidewise view and the Century Magazine has reproduced 
it from a half-tone plate engraved by S. Davis. 

Three and a half miles above the Caroline bridge is the 
Augusta bridge, which is the most remarkable and majestic 
seen by the explorers. Of this a colored half-tone by Henr> 
Fenn is given by the Century Magazine, occupying a full page, 
made from a photograph. This is described as magniiicent, 
symmetrical and beautiful in its proportions, "so as to suggest 
that nature after completing the mighty stnicture of the Car- 
oline had trained herself for a finer and nobler form of archi- 
tecture." Here the cross-section of the canvon is three Jiun- 
dred and ihirty-five feet and seven inches from wall to wall. 
The splendid arch is of sandstone sixty feet thick in the central 
part atid forty feet wide. TIk' opening beneath the arch is 
three hundred and fifty-seven feet in perpendicular hight. The 
lateral walls of the arch rise perpendicularly nearly to the top 
of the bridge where they flare suddenlv outwards, giving the 
efifcct of an immense coping or cornice overhanging the main 
structure fiftecai or twenty feet on each side, and extending 
with the greatest regularity and symmetry the whole length of 
the bridge. A large rounded butte at the edge of the canyon 
walls seems partly to obstruct the approach of the bridge at one 
end. 

"I fere again," in the words of Mr. Dvar ,"the curving walls 
of the cany<^n and the imj^ossibility of bringing the whole of 
the great structure inio the narrow field of the camera, except 
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from distant points of view, render the photographs unsatisfac- 
tcwy. But the highness and grace of the arch are brought out 
by the partial view which Long obtained bv climbing far up 
the canyon wall and at some risk crawling out on an overhang- 
ing shelf. The majestic proportions of this bridge, however, 
may be partly realized by a few comparisnns. Thus its hight 
is more than twice and its span morct'ian three times as great 
as those of the famous natural bridge of V^irginia. Its but- 
tresses are one himdred and eighteen feet farther apart than 
those of the celebrated masonry arch in the District of Colum- 
bia known as Cabin John bridge, a fe-.v miles from Washing- 
ton city, which has the greatest span of any masonry bridge 
on this continent. This bridge would over-span the capitoi at 
Washington, and clear the top of the dome by fifty-one feet, 
and if the loftiest tree in the Calaveras grove of giant sequoias 
in California stood in the bottom of the canyon its topmost 
bough would lack thirty-one feet of reaching the under =ide 
of the arch." 
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The Little bridge, of which a cut is lierewith shown, taken 
by permission from the Century Magadnc, is a mile and half 
below the Caroline bridge. Its dimensions are not so large as 
those of the Caroline and Augusta bridges. It has a span of 
two hundred and eleven feet, four inches. The under side of 
the arch is one hundred and forty-two feet above the bottom 
of the canyon. The crown of the arch is eighteen feet, eight 
inches thick and the roadway is thirty three feet, five inches 
in width. "The slenderness of this aerial pathway and the 
fact that the canyon here opens out into a sloping valley be- 
yond rendered it possible for the camera to give a proper im- 
pression of loftiness. Indeed, judging from the photographs 
alone one might suppose this to be the highest of the three 
bridges, whereas in fact it has but little more than one-third 
the altitude of the wonderful Augusta arch. It was compara- 
tively easy to reach the top of this bridge, and among Long's 
notes I find the following : *Rode our horses over. I am the 
first white man who has ever ridden over this bridge.' " 

The foregoing descriptive notes are condensed from the 
interesting account by Mr. Dyar, who used the notes made by 
Mr. Horace J. Long who in company with a cattle man named 
Scorup visited the region ^larch 13, 1903. Mr. Scorup had 
seen the bridges in the fall of 1895, but they were discovered 
earlier in the same year by Emery Knowles. 

The region is one of the Cliff Dwellers, and abounds in their 
remains. It is evidently destined to become one of great inter- 
est. The Century Magazine is to be thanked' for the beautiful 
but simple presentation of these natural wonders to the atten- 
tion of the public. * N. H. w. 
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Faiinc cnmhrit'iific du llaut-Alemtejo, par J. F. Nery Delgaoo ["Com- 
muiiica<;ocs" du Service Geologique du Portugal Fom. V., Lisbonnc, 
1904J. 

This communication is of much interest to palaeontologists in mak- 
ing them acquaintctl witli a new fauna of Cambrian time in southern 
Europe. 
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It is contained in what has been denominated the "Upper Cambrian" 
of Portugal as distinct from the "Lower Cambrian," which M, Del- 
gado places on a par with the Algonkiaji, Huronian, Keweenawan, etc. 

The fauna is contained in a schistose group of beds immediately 
subordinate to a heavy body of limestones which he designates as the 
limestones of Villa Boim. The underlying beds are chiefly quartzytes 
100 metres thick. The fossils were taken from a thin layer of slate 
about a centimetre thick in the top of the quartzytes. Beneath the 
quartzytes above mentioned are other quartzytes, slates, etc., of great 
thickness, of the same series. 

The fossils were very irregularly distributed in the slates and were 
preserved in spathic iron which by its oxidation discolored the rock 
and revealed the position of the fossils. These are consequently moulds 
of the tests showing the outer and inner surfaces of the fossils. The 
greater part of them are the remains of the heads of trilobites ; the mov- 
able cheeks are usually wanting, and fragments of the thorax and 
pygidia are rare. The fauna is chiefly composed of species not hither- 
to known or described. Besides the trilobites there are several species 
of pteropods (Hyolithidae) lamellebranchs and brachiopods. 

The existence of several species of lamellibranchs in this fauna is 
worthy of attention ; they are of small size and carry genera described 
by Dr. Henry Hicks from the Tremadoc down to this horizon. 

There are innumerable detached heads and pygjidia of trilobites of 
the genus Microdiscus imbedded with the other fossils. No example 
of an inrolled trilobite of any genus was found. 

Upon the varied forms referable to the genus Micro:liscus M. Del- 
gado bases the opinion that this fauna is allied to that of Olencllus in 
America. 

However, if a comparison is made with the fauna of Wales studied 
by Hicks this Portuguese Cambrian fauna is best represented by the 
Solva group fauna of Wales. 

In the Siberian Cambrian fauna described by von Toll there are a 
number of related forms especially in the genus Microdiscus. M. Del- 
gado considers that the Portuguese species showing relation with the 
Olenellus fauna are of greater importance than those which connect 
It with the Paradoxides fauna. 

Of Paradoxides five species were found, indicated either by a 
sufficiency of parts to determine the species, or by fragments. 

In this memoir M. Delgado elaborates the character of a new Jicniis 
— Hicksia, founded on a group of species rcsemblino: Salter'-, species 
Conocoryphe hutnerosa: it has the tumid cliceks and u:la]>el]a of Solen- 
opleura with the smooth test of Liostracns. ])iit the l)ack of the ghibella 
is narrower than in Liostracus : like tlio Inter it has a qnite small py- 
g^dium. No less than nine species referable to tlii> Renus are de^Jcribert. 

Of the genus Microdiscus five >iKvie> arc described. They are 
mostly smooth forms such a>^ are ft-nnd in the Olet^ilellns fanna and 
faunas referred to that horizon. 
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Three Hyolithes are described of which two are referred to speciess. 
described of the Lower Cambrian of America. 

Though they are minute, considerable variety is found in the spe- 
cies referred to the Lamellibranchiata, as may be seen by the generi 
names Posidonomya (?) Modiolopsis, Synek, Davidia (3 species) and 
Ctenodonta. 

The Brachiopoda are rather meagerly represented by Obolla (j 
species) Acroth'jlc Lingulepis {> sixtcies) and Lingulella (3 species) 

Six plates containing numerous photographic figures of the fossil^ 
serve to give completeness tu the memoir. These have the merit of 
accuracy and climinale the personal equation, but for such small figure^ 
as those of the. brachiopods and lamellibranchs they do not i)resent 
determinate characters. Such a picture illuminates the fossil only from 
one side and fails to bring out all the details. An enlarged drawing 
by the author repre.^cnting what he saw in the fossil, viewed from 
different points, would help to fix the descriptions in the reader's mind. 

M. Delgado is to l>e congratulated on the complete manner in 
which he has w^orked up this fauna contained in a little bed of the 
Cambrian rocks of Portugal, and thus given a fixed horizon from 
which to determine the age of the connect<d formations above and 
below it. G. r. m. 

North America. Vj\ Israkl Cook Russell. Pages x. *135I ^^'^^^^ 8 c-.l- 

ored maps and 39 other illustrations. New York, I). Api>leton & 

Company, Tt)0^. 

This excellent compendium of geographic, climatic, biologic, geologic, 
and ethnologic (le>cripti<Mi of our North American continent '.«• one in 
a series of convenient octavo volumes treating of "The Regions of the 
World." For thi*» ta^k the author has given in previous works full 
guarantees of his nhility. having published, l>esides many and volumin- 
ous reports of the L'nited States (jcological Survey, several geographic 
works during the years 18(^5 k. 1898, on the lakes, glaciers, volcanoes, 
and rivers of North America. 

Professor Russell says in the preface: ''While writing this book I 
have become more and more impressed with the incompleteness and 
inadicpiacy of the i)rinted records relating to the geography of the con- 
tinent of which it treats. Extensive tracts, particularly in the f?r North, 
have not been traversed by observant men, vast areas throughout the 
continent have not Ik en surveyed and mapped, and even in the some- 
what thickly inhabited portions of the more enlightened countries there 
are laree districts in reference to the geography of which there is but 
little criiic:«l information available. Under these conditions it sccmcl 
be>t to -elict typical exunples of various geographical features from 
the better Kni»\\n portion^ of the continent to represent the conditions 
throughout the k->^ thonnighly explored domain in which the)' ?re sit- 
uated, and -.w the same lime serve to illn^^trate the highly creditable ad- 
vances inri<l ^ by American geographer^ in definitely fortnulnting the 
principle^ of physic gniphy. The l)0(»k may. in a rrkcasure, be considered 
a? an att<nipt tr> jiroent in popular form a report of progress concern- 
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After citing the possible existence of glaciers on Atkha island, Dav- 
idson reviews at considerable length those on Unalaska island, the Pe- 
ninsula of Alaska, Cook's inlet, Kachemak bay, Kiani peninsula, Prince 
William sound, Yakutat bay and from Glacier bay to Str.kheen river. 

Tebenkofs charts mark the positions of thirty glaciers; these, as 
noted by Davidson, are (a) on the southeast coast of the peninsula of 
Alaska north of Agripina bay, three; (b) on the southeast coast of 
Kenai peninsula, eleven, then follow (c) the great glaciers fronting on 
the ocean between Icy bay and Lituya bay, including Malaspina, Yakutat 
and Fairweather glaciers ; the apparently recent obliteration of Icy bay 
and the uncovering of the northeastern part of Yakutat bay and of the 
entire Disenchantment bay region are marked features in this group; 
(d) the next group is on the north shore of Cross sound, where Tcbcn- 
kof charts eight important glaciers, tivo of which indicate that Taylor 
bay has been blocked by an advance of Brady glacier, and that the 
three easterly glaciers as mapped by Tebenkof, indicate an extensive 
retreat which has uncovered Glacier bay and its entire group of tribu- 
tary glaciers. Davidson recites quite reliable Indian legends supporting 
the evidence furnished by these early charts: (e) the most southerly 
glaciers mapped by 'J'cbcnkof are, one on the north shore of Taku inlet 
and one on the east shore of Frederick sound north-northeast from 
WrangcU narrows; this glacier must have come from the great Stakheen 
mcr do Gl'ice, ar.d in 1835 filled Frederick sound and Wrangell nar- 
rows with bergs. . Glaciers also reached tide water here in 1867 — ^but 
today these glaciers do not flow into tide v/ater with sufficient energy 
to give off bergs. 

These constitute the glaciers mapped up to the date of Tebenkofs 
atlas and when comi)ared by Davidson with later chartings show marked 
retreat in most cases. 

Later records are also fully reviewed by Davidson. The most in- 
teresting points brought out by him are: (i) the probable recent open- 
ing of Doran strait and Ilarriman fiord by the recession of Washington 
and Barry glaciers, thus permitting the Harriman expedition in 1899 to 
first expose the splendid group of glaciers to the west of Doran strait 
(2) The rcirttal (»f two and one-half miles of the Kachemak bay glac- 
iers. (3) The changes since Vancouver's survey in the Port Valdes 
rcgi«jn. (4) The probable recession in the glaciers of Taku inlet since 
Lt. Wliidbey's descriplir;n in 1794. 

r)avid<on cc^clndes, p. 92: "So far as we can judge there has been 
a general recession of the glaciers through Aleutian islands, the pe- 
ninsula of Alaska, and from Cook's inlet to Portland canal; except 
where they come directly t)r almost upon the broad ocean." 

The evidence <'>f advance seems clear at Wimbleton or Taylor bay, 
just inside cape Spencer, at Icy strait, since the survey of Whidbcy; 
but the recent topoj^raphical survey by the ITnited States Coast and 
Geodetic J^nrvcy <llow^ a rttrca: boliind the terminal moraine which it 
has left as a record. 
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The Malaspina glacier has filled and obliterated the Icy bay of Van- 
couver and Tebenkof; the recent Canadian survey indicates that the 
sl<^ciers of Lituya bay have shortened the deep arms descril>ed by La 
Peroitse : and the La Perouse jilacier upon the ocean shore shows 
positive signs of advance according to, the reports of the Harriman ex- 
pedition of 1899. 

"Nevertheless in this region of advance the immense ice blockade 
at the head of Yakutat bay, so well depicted by Malaspina and con- 
firmed by Tebenkof. has been carried away, and the Turner and Hub- 
bard glaciers now discharge into the sharp bond at the head of the bay. 
Puet reported there was a small inlet that extended N. 55° E., one 
league behind the ice front. July 27th, 1794." 

This excellent work should form the basis of a thorough survey of 
all the more important glaciers therein mentioned ; and should be in 
the hands of those who visit these regions as a general guide and to 
induce close study and comparison. m. m. 

Dodge's Elementary Geography. R. E. IXiixje, 231 pp. Rand, Mc- 
Nally & Co.. Chicago. New York, I^.ndon., Oct. 1903. Price 

75 cents. 

In the multiplicity of geographies that are appearing in the 
L'nited States constructed on the nn^re modern ideas, it is some- 
times a little difficult to discover their individual distinctions. There 
are physical geographies, and geographical geologies, as well as 
geographical histories. In nearly all of the recently published mod- 
em geographies the lines devoted to political gcf>graphy are rather 
few, and those devoted to phy5iogra])hy arc many and long. Dodge's 
geography is more evenly balanced. While its chapters and para- 
graphs bear the term of political geography, the maps that illustrate 
them are both political and physical. Of the latter North America, 
for instance, is shown by a beautiful rehef map and also l>y a 
physical map, followed by a i)olitical mai). T!ie United States is 
also thu*; thrice mapped. The different seodons '.n the United States 
are politically mapped and the facts of their industrial differences 
are clearly set forth in the text. Thi^ li.xik dwells more on the 
facts of geographic distribution of the inhabitants and their occupa- 
tions than upon the physical causes of such distribution. It is pro- 
posed by the author to treat fully of the pliy.siographic elements of 
geography in a more advanced work. The voiume is bountifully 
illustrated by beautiful half-tone engravings frrmi photographs. On 
the 217 pages are numbered 375 such picti;rcs. it woi^d be difficult 
to speak too highly of the excellence of this work as an elementary 
school geography. n. h. w. 



198 The American Geologist. September. i904. 

MONTHLY AUTHOR'S CATALOGUE 

OF AMERICAN GEOLOGICAL UTERATURE 
ARRANGED ALPHABETICALLY, 

BAGG, R. M. 

Earthciiiakes in Socorro. New Mexico, (Am. Geol., vol. 34, p. 102, 
Aug., 19«J4). 

BALL. S. H. 

Deposition of lht» Carboniferou.s lormritiona on the north slope 
of Iht' ozarlt uplift. (Jour. Gool., vol. 13. pp. 335-344, May-June, 
11)04.) 

BOWMAN, ISAIAH. 

A typi<al rase of stream captuiv in Mi'rhlgran. (Jour. Geol.. vol. 
113. PI). 32«-33.'.. MJiy-Juiie, 1H04). 

BOWNOCKER, J. A. 

Th«* DciunrncM' :iiii1 ••xiilriitaiion of p»»troleum and natural gras 
In ohiii. (lUill. No. 1. Ohio G«m.1. Sur., pp. 1-32'' 9 maps and 6 pis. 
Deo., 1H03). 

BROADHEAD, G. C. 

Th«' saicharoidal s.nnlstoiu*. (Am. G'^ol.. vol. 34, p. 105, Aug:.. 
1904). 

BROWN, BARNUM. 

Sloma<-h stones antl th«* f«Mid of Plesiosaura. (Science, vol. 20, 
p. 1S4. Auk. .'n 19'.»4). 

BROWN, L. P. 

The jdiosphate d»»p«»sits of the southern states. (Proc. Kng. Assoc, 
of the South, vol. t."». pp. .'.1-127. 2 i»ls., June. 1904). 

CASE, E. C. 

The «>sttM)loKy of the skull of the Pelyiosaurian genus Dlmetro- 
ilon. (Jour. <J.MiI.. vnl. l.J. pj.. :?n4-:n2. M»y-June. 1904). 

CASE, E. C. 

On thi' strurtur*' i»f ihi- f«»r«' font of Dlmelrodon. (Jour. Geol., 
vol. IX. pp. ;'.12-:lt»;. May-Juiif. T.HM). 

CLARKE, JOHN M. (and D. D. LUTHER). 

StrailKraiihic Mild palennto1oi;i(' nwiii of the CanandalfiTua and 

NapU'S .|":«drant?l.s. i:ull. ♦;::. N. Y. Stale Museum, pp. 76, map, 
Albany, T.mH. 

DODGE. R. E. 

D«)i1k' 's ••U'lMfhtary K'-<>«r>JM »!»>'. Part 1. Home geography; part 2, 
WoiM )»-laiin!is ninl tln' ti^nt iii'-iit s. 2."1 jtp.. Rand, McNally & Co., 

llHll. 

EASTMAN. C. R. 

Ast'.M-ol.'pid ;ii>pt'ii<lam'S. (Am. J«>ur. Sci.. vol. 18, p. 141, Aug., 
l!»iUV 

EASTMAN. C. R 

A s.'iiHid . •iiiiny criii'-lsni •»!* X'iiKM's Ktna. (Pop. Scl. Month., 
vol. or., p. AVI. Sfpt. 11«m4.) 



Author's Catalogue, 199 

FARRINGTON, O. C. 

Observations on the geology and geography of western Mexico. 
Including an account of Oerro Mercado (Field Col. Mus., Geol. Sur., 
vol. 2. No. 5, pp. 197-22S. May 1. 1904). 

FOERSTt, AUG. F. 

Variation in thickness oi" the suhdix l.^^ions «if tlic ()rd«»\ ician of 
Indiana (Am. <;e<>l., v<d. 34. p. ST. Aug., 1004). 

FURLONG, E. L. (W. J. SINCLAIR and). 

Euceratherium, a new ungulate from the Quaternary caves of 
California. (Bull. I'niv. (^al., vol. .'?, pp. 411-418. 2 plates. June. 1904.) 

GIBSONp TH08. W. 

Report of the bureau of mines TOntariol 1904. vol. 13. part 1, 
Mar., 1904, pp. 255, 7 plates, 3 maps. Toronto, 1904. 

GORDON, C. H. 

On the pyroxenltes of the Grenville series in Ottawa county, Can- 
ada. (Jbur. Geol., vol. 13, pp. 316-326, May- June, 1904.) 

GREENE, G. K. 

Contribution to Indiana pah't)nt()l«»gy, T»art 19, pp. 1S5-197, pis. 
55-57. July 20. 1904. New Albany. Ind. 

HAGER, LEE. 

The mounds of the southern oil fl»»l<ls. Tart 1 Miid 2. (Eiig. Min. 
Jour., vol. 78, pp. 137 and 18». Aug. 4. ll^rM.) 

HOBB8, W. H. 

Tectonic geography of eastern Asia. (Am. (Icol.. vol. 34, p. 69. 
Aug., 1904'.) 

HOLWAY, R. 8. 

Eclogites In California (Jour. Geol , vol. l.'J. pp. 344-350. May- 
June. 1904). 

JACKSONp R. T. 

Charles Emerson Bcocher, (Am. Nat., vol. 3^^. pp. 407-427. por- 
trait. June. 1904.) 

KINDLE, E. M. 

A series of gentle folds on the boi-.ifr of th«* Apit.ihuhian syslwin. 
(Jour. Geol.. vol. 12, pp. 281-290. May-June. 19o4.) 

LUTHER, D. D. (dOHN M. CLARKE and). 

Stratlgraphlc and paleontologlc niaji (»t the CanMndaigua and 
Naples quadrangles Bull. 63. N. Y. State Mu.simum. i»p. 76. ni;ip. Al- 
bany, 1904. 

McCALLEY, HENRY (E. A. SMITH and). 

Index to the mineral resources of Alabama. <;»*ol. Sur. Ala., map 
and lllustratlonB. pp. 79, Montgomery. 190 1 

MORGAN, W. C. (and M. C. TALLMON). 

A fossil egg from Arizona, (r.ull. I'liiv. »'.il.. \ni. :;. jip. 403-410. 
pis. 48-49. June. 1904.) 

O'RTON, EDWARD, JR. 

The organisation and work of the g'^ologlcMl survey of Ohio. 
(Bull. No. 1, Ohio Geol. Sur., pp. I-XXI. Dec. 1903.) 



200 The American Geologist, September. i904 

OSGOOD, W. H. 

Lake Clark. (Nat. Geog. Mag., vol. 15, p. 326. Aug., 1904.) 

PARKS, W. A. 

Roinarkabli.' i)ara.**ite frnm the Devonian nK'k.«* of tho Hudson bay 
slope. (Am. Jour. S«i., vol. IS. p. 135, Aiipr. 11*04. ) 

SCOTT, W. B. 

John Bell Hatcher. (Science, vol. 20, p, 139, July 29, 1904.) 

SELLARDS, E. H. 

Study of the ntructure of Paleozoic cockroaches, with descrip- 
tions of new forms fnmi the Toal Measures. (Am. Jour. Sci., vol. 
18. p. 113. August, 1904.) 

SINCLAIR, W. J. (and E. L. FURLONG). 

Euceratherium, a new ungulate from the Quaternary caves of 
California. (Bull. Univ. Cal.. vol. 3. pp. 411-41S, 2 plates, June. 1904.) 

SMITH, E. A. (and H. McCALLEY). 

Intlex to the min**iMl ie.<«onrces of Alabama. (leol. Sur. Alabama, 
map and illu.'^lratifMis. pp. TI*. Montjcomery, 1904. 

SPENCER, J. W. 

A rejoinder to Dr. Dall's <'riticism on Dr. Spencer's hypothesis 
concerning the late union of F-'lnrida with (.?uba. (Am. Geol., vol. 
34. p. 110, Aug.. 1904.) 

TALLMON, M. C. (W. C. MORGAN and). 

A fossil e.sf; from Arizona. (Hull. Univ. Cal., vol. 3. pp. 403-410, 
pl.s. 4S-4f». Jun«-. 1904.) 

UPHAM, WARREN. 

Age of the Mis.'^ouri rivj-r. (Am. Geol., vol. 34, p. SO. Aug., 1904.) 

WATSON, THOS. L. 

Orbii:ular gabbro-diorite from Davis county. North Carolina. 
(Jour. Geol., vol. 13, pp. 294-304, May-June, 1904.) 

WEI OMAN N, SAMUEL. 

The Baraboo iron-mining district. Bull. 13. Wij<. Geol. Nat. Hist. 
Sur.. 23 plat«-'S. i>p. 199. njap. Madison. 1904. 

WHITE, DAVID. 

Deijo.sition of the Appalachian l*nttsvill«'. (Bull. G. S. A., vol. 15. 
pp. 2»;7-2S2, jdat«'. Juii»', 1904.) 

WILDER, F. A. 

The l.aramie ami Kort Union bvds in North Dakota. (Jour. Geol., 
vol. 13, pp. ^90-294, May- June. 1JHI4.) 



CORRESPONDENCE. 

Till. ^^ IT. oi .\\ K ri.ii'K TKN. I \v:i- interested to see Mr. G. H. 
Ciirty'- ""ti- .11 ••!!'.■ !vpi,-aj Si^immc- .ird < ieiieral characters of .ii*/- 
I'f/.///-.', /. /■. \I'( . \ I li:i\r rr.'cTii'y liad m-c'isjon to examine thi.s 
(|iK>ti'ii ^\liMi w.-rkiti!.; t-n thr i'u:;nifrni lielU of the British Car- 
ln.TwtVii'n- I'-'.-ks mill i-iilili-!:. .] iiriani n-nlt-: in Tl. IT, Vol. II, of my 
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3kl onopraph of B ri : i r.h C^ r: 1 o : : ■. : :: ? ". 1 ::^ ■: ' ». rr:. -. j ;- < . :-.:■;>:■:■■■ . r. : \- c 
P*ai5r'-«ni..'i;'gnijir!;cL: S'C:t:3> ^ . -rrL '. : .oc i ; \\>' :*!: v'.r;} r.i.: 
Had acccs? :•:■ lrl^ M ■:;.!*: n-:: ;»t: r;. :.i ,.;:.: i-; ;..^ r. :-. N;T...:>i .:: - 
i-.-niiniic'v iDv'?: .-i :i.L >c;^r.::f(: r:.:-^- .:.: u-^ :\ : -n; virr ;.•; :; :•; 
mere 5\Tionvmf ■. f iirt\:'.--!i ::i;>rr:i'e:i >:-vT.i^. .: ):h,.:::c :. ii-r-cr:. 
distinct fr..ni Az::hl fi::cti. 

I think, in :he ur! r:.:r\:i:! :.r;":;^^:^:>:^ : ::> ..rii:,:: .■: ;. . .iv.fi- 
niie indic-^T:-.r. tha: :: > _ *;•• -1 .- '. y- :'•. :. ; : ■ -.^ ■•; V't r:-: : c- 
scritied 5'j«fi:i-.> :.- t:.v :>;■'. ■ : :1 ■. *:■:.;> .'. . :;...: M: >.•:.. :. > :. 
say a? tr. ihc ji.v;:i:i\ > ::r;' r:;:: •. ■■.::■. .^ :::;;(-- ..:. ..■:': : ... - >;■ -.:j^ 

no ajphabeiica! "rdvr, w^ nv.:-: ;r;-.:ne 1:...: :.e :v.u:\\i.\'. .. /.".:»i -.v/.- 
aius t«:» lie trc T}7'e. I'r.T-.r: /-..::•/>. !■ wrx-::. l.e :■.;..' iTicUv. :::> spe- 
cies •-•n a !eH \:i.\^. :n :i:Tv r^r.^v ■ 1 :hc net :::..! :^. -Li^l :rix , .:>^ 

* * ■ 

descr: lnr«a i '~i' ri i:h 1 » :i * . ; :i - ; » . : . ; : .; ' , < : ; ; :• .v . .■ v - i-i ,.■-,•:! > t : . . ^ ■ -. ;; :t:< 
has the i»ri'r::\. Ac:;:- M«.-C y .'j.; r •: n .- j^:-; i :'■..: . > .. .; .. i,.c -..;.■; 
}kvi\ dv-cri-1-iJ '. nj: Tit re ly I' r:'. :'k ■.•:.!..: il . v..i::.i ; • . :. ■. ,<.i*i, 
ccsiiitiiS. whKh TV'Tiv: :- T-r. r <•.•'■ :■ -f. .; ;i. .^r...*- NKh^ ■» . Ti. 

hinge piTile .^f ihi- -^a-L-t.- > ;i*:iv -: -::i. ■..!;-.. . • ^ i-.^;. 1:. p; \i]I. .,,p 
f;Upra cir.i. the fine ynv.iV.v'. >:::iv .irr :.'\ :■ N- ^i*.:-, ':-\ ,i :r:».r -ij.-;-;. 
I have f'»und :t rjLv'c-'^.'ir;. ;■- r-.n- \ i- A :..i- \ r..ri :-> > w. «.,.. \ ^r..-* 
• »su^ Si'W. 'p.. .iiid A. i:'-':.":r. :> M«.-r-> -;• :>■ :v. .:": .ji ,■,'•..•, ■, \ 
cause they 1i.i\l a ii:irr"-i\ !nic:ir V nut- ;*i.s:i. .■.::■.] \]'k- y<i::>v > :v : 
marked ■.•ft fr-'in the n--: "f :hv s.;'\o. 1 !•...* t :i!\m.i ;:u:n :. : ;r^ - 
inoptctcv. \\:'\\. Ncithir «i vu-. vavkk: -]'ic i - vm^ :i- ari> \\.i> -^e 
regarded a?- thv \\\*i: i.-i . /: rrw.'./*. i /i .■;. I !\i\o ;» iiv,t..i .^::i /:::i;'> TiV.s 
take in referring A. pcpyrsiccus >' w -j'.. .1- il'.c :\i'0 ■■:' '.^Mt jjiir.is. 
Op. supra cit. p. 51. It w.W \\: n-u-il \v. r.\\ ;,'.. irn'^jr ;;«1^ ;1i.i; 1 Ij.wo 
restricted Avicuhpccten t«i i«»rm- \\\\h a i-'-.^ii :v.:ico !inc, \\i- ' n\t:kod 
elongated cars, but alvch -i I iVci thai iiii;irt* Ml«H^r\.iti.M)> \\:]i j^roh- 
ahly necessitate a ^lill ivrtl'.rr it -'r:oiiiiV. >.;' ilv- viiim- 

W \\YY\ H'N M1M» 

Stoke on I ivftt. /:n}^li}fii, Jj'\ ji. pj«».| 



PERSONAL AND SCIENTIFIC NEWS 



At a recent mektin<; or vwv. \'ik«.im.\ I'oako ok At.ki- 
ci'LTi'RE an appropriatii n was v('U\l tHr a ("loolo^ical Survrx 
of the mineral resources of \ ii j^inia. Tl-.c v;irvr\ will he 
conducted jointly by the Slatf IXparniunt «»f Agriculture au«l 
the Virginia Polytechuic In>tiniti-. ]M-. riiMiiKis I.. W'aisnn. 
professor of geology in tlu- i'olMroliino ln>!itulr. was ap- 
pointed Geologist-in-char|L:t' '>f ilu- <nr\i\. 

Major A. W. \'()<;i>i:s. San M-'i-.-. i jl.. :ia< :«r. ti''\- hv.n 
retired from active serviot- in tlu- Iniud Siai.< a!in\. and Im- 
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returned to his honie in San Diego. He is building up a large 
geological library for the west coast. 

Dr. T. C. White, state geologist of West Virginia, has 
leave of absence for six months and has sailed to Brazil where 
ho will examine and report on the coal fields of Rio Grande do 
Sul, the most southern state of Brazil. He left the United 
States lulv s. and will return some time in December. 

Prof. G. P. Grimslkv, of Topeka. Kansas, has been ap- 
pointed assistant geologist of West Virginia, and began work 
Aug. I, in the preparation of vol. iii, on clays, building stones, 
limestones, etc. 

The Ohio Geological Survey is carrying on both office 
and field work during the present summer. The following 
indicates the principal lines of work which the survey is at 
present conducting. Professor Edward Orton, Jr., State Ge- 
ologist, is completing his part of the work on cement and its 
uses and is also editing the manuscript for two other bulletins. 
It is his expectation that four bulletins will be published dur- 
ing the remainder of the year. Professor John A. Bow- 
nocker with an assistant is engaged in studying and mapping 
the distribution of the Pittsburg and Meigs Creek coals in the 
eastern part of the state. Professor Charles S. Prosser with 
an assistant is studying the stratigraphy of the Upper Silu- 
rian, Devonian and Carboniferous fonnations. Part of this 
work is directed toward the correlation of the Ohio formations 
with those of Pennsylvania and New York and a report is in 
preparation describing their stratigraphy in detail. 

The class in field geology of the Ohio State Universitv 
during the spring term of this year, under the guidance of pro- 
fessor Prosser, studied the various formations which are found 
in central Ohio. The Devonian limestones (the Columbus and 
Delaware formations), the Olentangy and Ohio shales of the 
Devonian: tlie Hedtdrd shale. I'erea grit. Sunbury shale, Cuy- 
ahogi and Black Hand fonnations, Lof^an shales and Potts- 
ville formation of the Carboniferous comprise the formations 
which were studied the most thoroughly. The Saturdav field 
trips consumed tlie entire day. The rogks and fossils collected 
were later studied in the laboratory and a thesis prepared by 
each student which contained a description of the sections 
studied, together with a summary of the geological literature 
for central Ohio relating to the above mentioned formations. 

The Devonian voli:me of the systematic reports of the 
Maryland Geological Survey is nearing completion. It will 
be a composite work consisting of three parts: the Paleode- 
vonian by professor Schuchert, the ^Tesodevon^an by profes- 
sor Pressor and the Neodevonian bv Dr. John M. Charlse. 






* ^-« 






- ' 



.''*- 



vj ■. 









THE 

AMERICAN GEOLOGIST. 



Vol. XXXIV. OCTOBER, 1904. No. 4. 






GLACIAL AND MODIFIED DRIFT IN AND NEAR 
SEATTLE, TACOMA, AND OLYMPIA. 

By Wakrbn Uphaii, St. Paul. Minn. 
PLATE XIJI. 

These three cities in the state of Washington, the first and 
second situated on the eastern shore of the southern part of 
Puget sound, and the third at the end of the most southern arm 
of the sound, are respectivly its foremost an<l .second commer- 
cial ports, and the state capital. L;ist year I spent several days 
in tlicir vicinity, examining the drift dei)osits of the region, 
coming to it by the Northern Pacific railway, and extending 
my joiirney across this drift area and a wide drift less tract on 
its southwest side, to the ocean shore west of Grav's harbor. 

Although my observations are necessarily very incomplete, 
as noted in this paper, it is hoped that they may ser\'e some 
useful purpose as a slight contribution to the description and 
History of the very interesting glacial and modified drift for- 
mations of the Puget sound lobe of the ice-sheet.* 

The most notable feature of these fonnations seems to me 
to be tfiie very large proix>rtion of the modified drift, or stratifi- 
ed gravel, sand, and fine silt, deix)sited by streams discharged 
from the ice^sheet, apparently during the lime of its final melt- 
ing and departure at the end of the (ilacial period. In the 
greater part of New Englanrl and in Minnesota and North 

* PrcTioas descriptions of these drift depofits, with diflcuasionM of their 
origin and stages of the Glacial period, have been i?iven by Baii.ky Willis, in 
a paper entitled "Drift Phenomena of Pujcet Sound," liullctin, G. S. A., vol. ix, 
1898, pp. 111-162, with five platen, containing many detailn of his observa- 
tions, and quoting from a manascript report of a rcconroi^snnce by Prt'f. I. C. 
BussBLL. A large part of the same jitudfes in also presented bv Ha ilk v Willis 
and Gbokob Otis Smith in the Taconia Polio. No. r>4. 1S90~ of the Geologic 
Atlma of the United Simtea. 
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Dakota, where I have made extensive studies of the drift, the 
proportion of the glacial drift or till to the modified drift 
averages, as 1 estimate, generally about as two or three to one. 
Here, however, as on cape Cod, Nantucket, Martha's \'ine- 
yard, and Long island, the ratio is reversed, so that the modi- 
fied drift is twice or thrice as abimdant as the till. 

Referring the modified drift mostly or almost wholly to 
derivation, from formerly englacial and finally superglacial 
drift, which had been gathered up by the slowly flowing ice- 
sheet into its lower quarter or third part, but which was at last 
uncovered and exposed on the surface of the ic\: when nearly 
all its thickness had been removed in the final melting, and 
tfience being washed down by superglacial drainage to the ice 
border, I therefore regard the large volume of these stratified 
drift deposits as good evidence of a very long duration of the 
glaciation. The lower part of this glacial lobe was abundantly 
charged with englacial drift, brought partly from the Cascade 
range on the east and partly from the Olympic moimtains and 
the mountains of \'ancauver island on the west, but doubtless 
also in an equal or greater degree supplied from the Intervening 
area of lowland, fifty miles or more in width, and froin the 
bed of the sound, with its many canals, bays, and inlets. 

Pleistocene history prol)ably began with an epeirogenic up- 
Hft, elevating this side of the continent at least 3.000 to 5,000 
feet higher than now, as is known on the coast of. California by 
the deep submarine valleys described by Davidson,* which 
great elevation caused glaciers to be formed first on the moun- 
tains and to extend thence outwards as pie^lmont glaciers on 
the lowlands. At length the glaciers of such local origin be- 
came cnnlluent upon all the coimtry. A general ice-sheet then 
enveloped P>ritish Columbia, and indeed extended, as I believe, 
during a very long period, from the Pacific to the Atlantic, , 
across the entire width of Canada and the northern United 
States. At last, beneath the long continued ice burden, all this 
n(.rl!:oin half ni North America sank to its present altitude, 
or mostly a few hundred feet lower, bringing again a 
temperate climati-, with plentiful melting of the ice every 
sumnuT alonj^ all the border of the continental icefields, which 
then Were s«;nu'what rai)idly melted away. 

* CnUfomia Academy of Sciences, Butletia, toI. li. pp. 26S>268, Jan., 1887; 
do., Proc. Geol., third Merlea, vol. i, pp. 73-1 03, with mnc plates, 1897. 
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The channelinp^ of the deep valleys now occupied by Puget 
sound and its many inlets, ranging" from common depths to 100, 
300, and 500 feet to a maximum of 918 feet a few miles north 
of Jr^eattle, must he ascribed, as I think, to river erosion during 
the time of continental elevation inaugurating the Ice age. 

While these valleys were being filled gradually by the grow- 
ing piedmont glaciers, sometimes retreating and again read- 
vancing, as we must suppose, their early till might become 
buried beneath stratified drift and a forest, which in their turn 
would be later overridden by the glaciers and U>ng covered by 
the general glaciation. Therefore the intermittent glacial 
action shown by deix>sits of till underlying and overlying 
stratified drift, which sometimes contains layers of lignite, noted 
in various localities of the IHiget sound regicjn and attributed 
by Willis and Russell to successive and distinct stages of gla- 
ciation, may perhaps be more probably explainable by moderate 
oscillations of the margins of the early glaciers, requiring no 
long stage, nor very notable secular climatic changes, as the 
lower till would represent a time before the broad and general 
ice accumulation. 

After the glaciers flowing outward from the mountains at 
the east and west had become united, the Puget sound basin 
was evidently filled by a typical l(>l>e of the continental ice- 
sheet, the snow and ice being amassed to the greatest thickness 
and bight upon its central and axial part, thence flowing out- 
ward to the west through the strait of Juan de i^'uca, and to 
the south, where it terminated at a curved border nearly on 
the same latitude with Mt. Rainier. I-nnn the sites of Seattle, 
Tacoma, and Olympia. the currents of the ice-lol)e moved 
southeast an<l south, carrying drift frnm the aR«i of the sound 
upward fidly thirty miles to a hight of i.(hx) t«» i.fxK* feet 
above the sea level near the base of llie great >no\v-ci»vered 
cone of Rainier, and reaching several niiU-s farther south, to 
the latitude of that majestic white nionnlain at tlie most 
southern limits of the icefields, about kh) in 400 fert above the 
sea, southwest, south, and southeast of (")l\nij)ia. 

The lowest place in the sriuthern watershed of Tiiget sound 
is about three miles soulliwcst fnin ( Mynijiia. heiwceii thai arm 
or inlet of the sound and lilack lake. >"iiie i\vm miles ]<-ng, 
at the head of the Tilark riv«*r. a tril)iilar\- .'f tlie (hrhali- river. 
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which flows west to the sea at Gray's harbor. The altitude 
of Klack lake is about i6o feet above the sea level; and the 
watershed, in a wooded swamp about a quarter of a mile wide, 
close north of the lake, is only 5 to 10 feet higher. The rail- 
way from Olympia to Gray's harbor passes near this lowest sag 
of the water divide. 

Over this low pass a river doubtless outflowed for a consid- 
erable time when the icefields covering the southern half of 
the sound were being finally melted. Below the hight of about 
170 feet, therefore, evidences of standing water ponded 
against the retreating ice margin are to be expected in the 
valleys and along the shores of the sound from Olympia to 
Seattle, or farther north, their northern limit beTng reached 
wherever the melting of tne outer western part of this ice lobe 
in the great valley of the strait of Juan de Fuca coalesced with 
the melting of its southern part so as to remove the ice barrier 
and admit the sea there along the west side of the sound. 

But much of the modified drift of this region, Its far great- 
er part, is above the limit of lacustrine effects from the glacial 
lake so overflowing to Black lake and river. On tlie hills and 
plateaus bordering the sound, mostly 200 to 300 feet or more 
above its sea level and rising thence gradually on each side to- 
ward the Cascade range and the Olympic mountains, great 
areas of stratified drift sand and gravel are found, which must 
be attributed to stream deiK)sition attendant upon the recession 
of the ice-sheet, with free descent of these streams, which 
would deposit the greater part of their coarse modified drift 
close to their places of discharge from the waning icefields. 
Thus the highlands along this south half of Puget sound were 
overspread by stratified drift progressively from south to north, 
as the ice border was gradually melted back. 

Queen Anne hill, in the northwest part of the city of Seattle, 
rising with moderately steep slopes to a massive, gently round- 
ed lop, or rather to two such hilltops, each about 460 feet alwve 
tlie sea level of the sound, a half mile distant, consists of strati- 
fied sand an<l gravel, cut in many places 6 to 10 feet deep for 
new streets, and on its sleep scnilhern side cut 25 to 50 feet 
in tlic .snnic moflificd ilrift. Much of ii is (|uite irregularly bed- 
ded, ami in the dee-p suulhern cuts the beds are largely inclined 
10" to 21)" northward, dipping toward the cvrnter of the hill. It 
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is mostly sand in the lower i)arts of its deepest sections, but 
includes gravel beds nearly everywhere for the highest 5 to 
10 feet next to the surface, with rounded cobbles u]> to 6 to 8 
inches in diameter. Boulders are very rare or wholly absent. 

Only in one place on this hill was any till observed, tliat 
being in a street cut on the northwest slope of the eastern sum- 
mit, about fortv rods from the citv water works lower, which 
stands on the top of this east part. There, 25 to 30 feet l)elow 
the top of the hill, a lenticular mass of true till, 30 feet long, 
with a maximum thickness of 5 feet, was seen inclosed in an 
exceptionally coarse gravel deposit, the till mass being 5 to 10 
feet below the original surface. All around it was very coarse 
gravel, in part showing a gradual transition, but mostly with 
a definite and abrupt line of separation. The explanation that 
seems most satisfactory would refer the modified drift of this 
large and high double-topix?d hill to deposition under the edge 
of the departing ice, when it had l)ecome thin and drift-covered 
on account of its surface melting. Streams gathering the 
superglacial drift from parts of the icefields a little farther north 
probably poured down through crevasses near the ice front, 
amassing the great hill in a two-parted cavity melted beneath 
the ice. The deposition of the modified drift progressed as the 
subglacial cavity was melted and enlarged ; and the mass of 
till mentioned appears to have been derived from superglacial 
drift that was allowed to fall by the full melting of the ice be- 
neath it, without becoming modified by water assorting and 
stratification. 

Duwamish head, and the plateau extending from it south- 
ward, a mile wide between Elliott bay and the main sound, 
rising 250 to 300 feet above the sea level, reached by a ferry 
trip of two miles west from the docks of Seattle, are, in the 
lower 100 to 150 feet, horizontally bedded clay, or very fine 
silt, light gray and nearly uniform in color, mostly exhibiting 
ver>' fine lamination, evidently laid down in still water. The 
next higher 100 feet, or more, are sand, yellowish gray, hori- 
zontally stratified in the lower part, but very irregularly bed- 
ded, with evidence of strong flow and counter currents of the 
depositing waters, in the up])er j)art. where the sand be- 
comes coarser, w-ith some layers <»f fine gravel. Al)oye these 
very thick stratified beds is a sandy till, with little or no strati- 
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fication, lo to 20 or 30 feet thick, fonning the surface of the 
plateau, inclosing rather scanty small rock fragments, with a 
few large boulders. Good sections of the successive deposits 
are seen in the sea cliffs at and south, of the ferry landing, 
and likewise on the west side of the plateau ; and they all seem 
to me referable to the time of the final melting of the ice lobe, 
being modified drift with a surface of till. 

Most of the area of Seattle citv has till on the surface, 
which rises in ver\' massive, smoothly rounded hills, 250 to 400 
feet high. Here, and in the northern suburbs, about lake 
Union and Green lake, the till has nearlv the same verv com- 
pact and clayey texture, and the same considerable proportion 
of small stones and large boulders, as the average till of south- 
em and western Minnesota; but it has much fewer lx>ulders 
than arc common in the till of northeastern Minnesota and gen- 
erally thence cast to Xcw England. 

Sections cutting through tlie till on Washington street, two 
blocks southwest of the court house, at the hight of ab<:)ut 
150 to 175 feet above the soimd, sh,ow it to have there a thick- 
ness of only 2 to 8 feet along a distance of about 250 feet, being 
underlain by light gray, finely laminated shales, which seem to 
me probably of Lower Tertiary age, like the lignite-bearing 
shales in the vicinity of Renton, near the south end of lake 
Washington, about ten miles south-southeast of Seattle. 
Numerous other sections in this city show the glacial and 
modified drift to be frequently no more than 10 to 25 or 40 feet 
thick, with such shales lying beneath and reaching to an un- 
determined (lei)tli. 

The massive hills were subaerially sculptured in the shales 
before ilie Ice ai^e. and are onlv tlijinlv veneered with the drift: 
but in the vallev> the drift d(»ublless attains, iti some places, a 
initeb .urealer tltickness. i'or exainple. we cannot doubt that 
the loiii:" iU'rtli til s(»iiili valley «ri'uj)ied by lake Washington, 
\\l!<i>e water >nrt'aee i^ jj i\et above the sound and the sea, 
with .1 max ill mm ilej»ili of jjj feet. had. along some roiUe now 
t'i!:«'! |i\ \''\K- drill, a e"iitiiin"U< jire^t^lacial connection, nowhere 
li"^^ liian J«M) uri «hi}i bel< w tile |ire<ent sea level, joining 

W iilvi: ilu ihir.l . i" a inilf la^iward fn ni Kenton to a brick- 
\ar'!. wh.u'l-. ii<r> ilir l\rii.ir\ >]ia\s, the bluff rising at the 
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south side of Cedar river has these shales at its base, enxled 
to an undulatinfif contour, on which till was deposited to the 
thickness of 5 to 15 feet, succeeded by 75 feet of sand and 
gravel, containinff cobbles up to 6 or 8 inches in diameter. 

Stewart street in Seattle, at its summit level, alxnit 175 
feet above the sound, in front of the Hotel Washin^on. has 
cut throug^h the thin drift, which there is coarse j^ravel, into 
the shales, which contain in that place a layer of lignite, 4 to 6 
feet thick, in part cldyey, alxnit 10 to 15 feet beneath the orig- 
inal surface, horizontal but here and there considerably con- 
torted as if by the pressure of the overriding ice lobe. Hie 
lignite is seen along an extent of fully 250 feet at the upper 
north side of the street excavatic^n, and also for a less extent 
on its south side, wdiere this layer outcropped on the natural 
surface. 

In Tacoma, twenty-five miles south of Seattle, till generally 
forms the surface, which ascends in nuKlerately steep slopes 
to a bight of 350 feet : but street grading or other and deeper 
excavations often pass through the till, penetrating into an 
extensive mass of modified drift, irregularly bedded gravel and 
sand, probably a subglacial deposit. A notable ctiaiacteristic of 
the till here is that many of its small rock fragments, alxnit 
three fourths of all in some excavati<ms, are well roimded peb- 
bles and cobbles, up to 8 inches in <liameter, derived from pre- 
glacial valley gravels. ( Hherwisc the till is (juite typical, very 
hard and com])act, with only a mo<U'rate su])])ly of slonts 
and few boulders, yet having sonK- bonhk-rs 2 to 3 feet in 
diameter or larger. 

Till and thick underlying moditu-d drift continue five miles 
northwest from Tacoma to I 'dint Ddlanci-, wlure they are wvll 
exposed in freshly undermined sea elilTs. Throughout the 
neighborhood of Seattle and \w>\ n\ tlie city urea ct Taeuuia, 
the drift surface is smooth, wii!i«iut tlie kn(»ll> and siuall ri'lges 
piculiar to marginal nK.niine irrn't^: but in Tniui I K'tiance 
park, and thence soinhward eii^lii luiK'^ in C'hanil)ers ereek. 
it consists of knolly an<l ridgy till, with wv^w than the «»rdinary 
pn)portion of bouhlers. jj-i^-t^^-^iui^- !lin>« urll marUrd uinraiuic 
characters. The knolls. h<i\\i\( r. ;i> -, . n ..n I'l,- rajlwax^ .i^"iug 
to the park and to Steila*'". m'. an -vMmm! 'i:..r, tli.m in m, 
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20 feet high; nor does the drift accumulation seem much great- 
er than on the smooth areas. 

Southward from Chambers creek, as about Steilac(xim and 
American lakes, and at Parkland and southward oti the railway 
from Tacoma to Spanaway lake, the surface is stratified gravel 
and sand, in far reaching plains, extending to the drift boun- 
dary. These Steilacoom plains, as they are named by Willis, 
are 250 to 350 feet above the sea. Spanaw-ay Ihkc, one mile 
long, at the hight of 329 feet, is of the same type as many 
others inclosed thus by modified drift, being probably the site 
of a finally isolated remnant of the melting ice border, which 
was surrounded by the rapidly deposited gravel and sand. 
When the ice mass melted, it left a hollow and lake. 

From Steilacoom, Parkland, and Spanaway lake, only strati- 
fied drift gravel and sand were seen along the distance of 
about twenty-five miles southwest to Olynipia and twenty 
miles onward to Gate, at the edge of the drift. In all 
that distance, nearly fiftv miles, onlv two or three boulders 
were seen, these Ix^ing 3 or 4 feet in diameter, in the 
fine sand of the modified drift al>out two miles southwest of 
Olympia, on the ascent to the watershed near Black lake. The 
deposition of the sand and gravel took place evidently close 
outside the retreating ice margin at the end of the Glacial 
period. 

About a» qtiarter of a mile southwest of Olympia depot, on 
the south side of the railwav and near the end of this arm 
of the sound, is a well exposed section 60 to 100 teet high, con- 
sisting of very fine sand and clay beds, all laminated, with no 
giavel, dipping 2^ to 5^ eastward. These beds, rarely exix)sed, 
fonn the lower half of the plateau country adjoining the end 
of the sound ; but the upper half, rising to 200 or 250 feet, is 
sand and gravel, irregularly bed<led, often very coarse, with 
cobbles up to 5 or 6 inches in diameter. 

One of the many excavations in this modified drift of Olym- 
pia has a ]Kirt that resembles till. It is a half mile east from 
the center t^i the Icnvn, and at the estimated hight of 150 to 
i^K) feet, l)eing a dark gray, very compact and very coarse 
gravvl. with abuinlaiU stones u]) to 8 inches, all somewhat 
water\\'<>rn. — thus containing too many col)bles to be regarded 
as till, and liaving no b-'ulders. That deposit, 10 to 15 feet 
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thick, is overlain by 5 or 8 feet of the ordinary coarse yellow 
gravel. 

Although there is little or no till at and near the drift 
border south of Puget sound, and although that belt has no 
large drift accumulations, the thin edge of the modified drift 
presents distinct but very \o\\ mounds and knolls, ridges and 
hollows, more or less referable to the class of marginal kames, 
which in many drift regions are a conspicuous feature of ter- 
minal and recessional moraines. Frequently only 2 to 5 feet 
high, but occurring in great profusion, by hundreds and even 
thousands, without any evident system or order of groujMiig, 
these peculiar gravel mounds, characterizing especially the 
open tracts of prairie in this mainly wooded district, are one 
of the most remarkable phases of terminal drift deposition.. 
Thev seem to me correlative with the commonly hilly terminal 
moraine belts of other drift areas. 

A good description of these mounds, and discussion of their 
mode of formation, liave been given by Mr. G. O. Rogers,* 
with illustrations of the probable conditions of the melting ice 
margin from Russell's observations of the present glaciers of 
Alaska. Other suggestions to account for the origin of the 
mounds, as by Prof, Joseph Le Conte,^ who ascribed them to 
erosion of a fonnerly smooth deposit, are shown by Rogers 
to be inapplicable.' 

Passing southw^ard from Olympia by either of the two rail- 
ways, one sees the mounds of this marginal drift belt in 
countless numbers. The following details of the- prairie areas 
which they occupy there and eastward were not supplied by 
Rogers nor Le Conte, excepting their general statements that 
the "mound prairies" are, as Rogers wrote, '*a few miles south 
of Olympia," being, as Le Conte wrote, **at the southern ex- 
tremity of Puget sound." 

About ten miles south from Olympia, and three to five 
miles north of Tenino, they have given name to Rocky prairie, 
because of the exceedingly abundant watorworn cobbles t)f the 
gravel which forms the general prairie and also the mounds. 
This prairie is crossed centrally hy the railway lor two miles. 

• ''Drift!! Mounds near Olrmpin, Wasliin>jton," Amkk. Oholugist. vol. xi, 
pp. 393-399, Jane, 1893. 

f ProceediagB of the California Acodeniy of Sciences, Dec. l'>, is7:i. 
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Again, one to two miles south of Tenino, Grand Mound 
prairie, whose eastern end is crossed by the railway, and which 
extends thence seven miles westward, takes its name from tlie 
same moraine mounds. 

On the more western railway, running- from Olympia 
southwest to Gate, and thence westerly to Grav's harbor 
these mounds are seen in great abundance on a prairie two or 
three miles in diameter at the distance of three to five miles 
northeast of Gate. Extensive gravel excavations, for ballasting 
the railway, have been made in the central part of this prairie, 
near Mima station. Several of the mounds. 2 to 3 feet high, 
half cut away, are seen to be through their entire thickness of 
the same black color as the surface soil, w-hich elsewluTc has a 
depth of only 4 to 6 inches ; but no difference is observable in 
the coarseness of the gravel forming the mounds and the in- 
tervening ground. Pebbles and cobbles from 2 to 4 or 6 inches 
in diameter arc plentiful in the mounds, on the general surface 
between them, and for several feet downward. 

At Gate (also called (jate City) the same gravel surface is 
much mounded and ridged, inclosing occasional bowl-shaped 
depressions 2 to 5 feet deep. In a miniature degree, the con- 
tour at Gate resembles that of a typical tract of kames, w^hich 
usually consist of such coarse gravel ; but on the Mima prairie 
many hundreds of round mounds, 2 to 5 feet high, occur sepa- 
rate from each other, and are often very thickly grouped to- 
gether. 

The gradation of forms from round mounds to interlock- 
ing ridges and mounds, like small reticulated kames, debars 
the reference to aboriginal mound building, or to mounds of 
any burrowing animals, which at the first view' are suggested 
by ihest' very unusual drift dq)osits. Their true explanation 
lias hren well stated by Ki^gors, referring them to accumula- 
tion in little hallows tti \hv tlnally very thin margin of the icc- 
field> when they at last united back fn^m this outermost tract 
<»r terminal nMraine belt. 

Mr. fnlin D. Ileiirv. of ( )lvmpia. countv survevor of 
TlinrNti.ui ecuiiiy. kiinlly sujjplied >. ait lines and descriptive notes 
t>\ \\r. .several "iii'-niid pr.iirie^" '.)f that county, including 
I\uelv\, ( Ir.'ind Mnuii'l. ;ind Mima prairies, already menti<;ned. 
ail' I 'i'eiial'iuni and \\-\m j)rairie>, lying farther cast, on the 
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railwav that extends from Tcnino east and northeast to Taco- 
ma. From Mr. Henry's manuscript map of the county these 
prairies are mapped on plate xiii. accompanying this paper. 

Grand Mound prairie Ix^ginning three miles north of the 
railway station of Grand Mound, and reaching thence seven 
miles east to where it is crossed bv the railwav between Tenino 
and Bucoda, has an immense number of gravel mounds and 
short ridges, from 2 or 3 feet to 10 or 15 feet in hight, often 
very irregularly grouped, with hollows entirely inclosed, like 
ordinarv kames. 

Tenalquot prairie, partly a grassed area, and partly covered 
with bushes and scattered trees, 6 to 10 miles northeast of 
Tenino, has many moimds, but retiailated kames there pre- 
dominate, as described by Henry, rising to higtits of 25 to 
50 feet, with many inclose<l hollows. 10 to 20 feet deej). The 
southeast corner of this prairie is crossed by the railway at 
Rainier station, about nine miles east-northeast of Tenino. 
\'ery fine views of Mt. Rainier, 40 miles cast, are seen from 
this knolly and ridged open tract. 

Four to six miles northeast of Rainier station, the railwav 
crosses Yelm prairie, on which is Yelm station, near its cen- 
ter. ^^^. Henry describes the west half of this prairie as 
having a contour of low ridges and mounds, while its east half 
is nearly flat but has on its southeastern edge many boulders, 
this being the only locality of their occurrence known to him in 
Thurston county. 

Mapping these five **mound prairies" in a curved belt of the 
marginal drift, six to eight miles wide, 1 trace its probable 
continuation east and northeast in Pierce county by the occur- 
rence of numerous lakes inclosed by the same gravel dei)Osits, 
the largest being Kipowsin lake, about three miles long, trend- 
ing east and northeast. The belt at the northeastern linn't of 
my map (Plate XHi ) coniprist-s township n; north, range () 
east, where Willis noted plentiful drift gravel ridges, knolls, 
and hollows, in the vicinity of the many lignite cofil mines of 
that township, which is in an entirely wjmk1c(1 region. 

Similarly these low kames or marginal mounds and ridges 
of the Puget sound ice lobe are undoublerlly traceable through 
all the wooded parts of this belt, nnt loss than on its prairie 
tracts, where their surprising abundance has been especially «>b- 
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served and described. Their unique phase of terminal drift 
accumulation is the d\yzri counterpart of the great moraine 
hills on other areas of our late and closing Wisconsin stages 
of the continental glaciation. 

The departure of this ice lobe was probably very rapid, 
like the final melting of the icefields from the areas of lake 
Agassiz and of the great lakes tributary to the St. Lawrence. 
The land had sunk from its high elevation that caused the 
ice accumulation, and the glacial recession uncovering this 
southern part of the Puget sound basin, which had then nearly 
its present altitude and a climate probably as warm as now% 
may have occupied no more thaii a few centuries. 

Within so brief a part of the Champlain epoch, or time 
of land depression and final ice melting, w-hich comprised the 
moraine- fomiing stages of waning glaciation, grandly rei)re- 
sented in the Dakotas, Minnesota, Wisconsin, and eastward to 
New England, the *'mound prairies" of Washington received 
their knolh' gravel, the Steilacoom sand and gravel plains 
were spread in front of the retreating ice border, and the modi- 
fied drift and till of the Tacoma and Seattle hills were deposited 
from the englacial and at last superglacial drift. The mounds, 
the plains, and the plateaus and hills, were successively formed 
or overspread by their drift, but, as I think, with no long 
intervals of separation, all the series being closely consecutive. 
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Madiion, Wii. 

III. JAPAN. C First Paper.) 

PLATE XIV. 

In earlier papers of this series^ have been treated, first, the 
interior plateau (Landstaffeln) of the Pacific coast of Asia as 
it has been described by von Richthofen ; and, second, the 
significance of the eastern coast line of the continent in the 
view of the same writer, together with more detailed examina- 
tion r)f Manchuria and Korea through reviews of papers by 
von C'liolnoky and Koto. There remain for consideration the 

*ThisjonrnHl for August and September, 1904^. 
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chains of islands festooned along the coast, of wtiich the more 
important are the Japanese chain, Formosa, the Philippines, 
and the Malaysian archipelago. 

Both by reason of its political importance and of its de- 
tailed geological exploitation, Japan is deserving of the first 
consideration. The excellent groundwork laid by Edmund 
Xaumann* and Teyokitsi Haradaf have been utilized by pro- 
fessor SuessJ, by members of the staff of the Imperial Getv 
bgical Survey. § and especially by P»aron von Richthofcn in 
the latest of his papers||. This latter paper for the first time 
makes available for the use of geologists a comprehensive 
physiographic and geologic structural study of the country as 
a whole. Its importance warrants its complete translation into 
English. 

Edmund Naumann fixed a boundary line, his fossa magna, 
by which he separated north and south Japan. This boundary 
line runs in a NNW-SSE direction through the middle of the 
main island of Japan near its l>end or "elbow." This well 
recognized tectonic line figures in all later geological studies 
of the empire. Through north Japan, lying to the east of the 
tectonic line, runs Xaumann's meridional chain carrying a 
great number of active and extinct volcanoes. Koto had 
already given the name Sachalin system to this median line 
because the range of volcanoes maintains the same direction as 
the island of Sachalin further to the north. The i)hysiographic 
divisions of Japan are thus concisely stated by Kotolf. 

A mere glance at the topographic map of Japan will lead one to 
suppose that Hon-shu is a gigantic arc with Hokkaido and Kiu-shu at 
the north and south ends as the homologous appendages; and the line 
of the Fuji-Ogasawara volcanoes pierces right through thei middle of 
main island. But, as geological knowledge accumulates little by little 



* Bdmund Naumamn. Ueberden Baa und die BntBtehting der japanischen 
latcln. Berlin, 1885, p. 01. 

t Tbtokitm Habada. Veratjch ciner tektooischen Giiedemag dcr japaaisch- 
en Inaeln. Tokyo, 1888, p. 23 and map. 

I Bdcabd SfiBSs. Daa Antlitz der Brde .Vol. ii, 1H8K, pp. 220-227; vol. iii, 
1001, pp. 176-186. 

f Outlines of the Geology of Japan. DescriptiTe text to accompany the 
geoloidcal map of the Bmpire on the ncale of I : l.OOU, 000. compiled by the 
officials of the Imperial GeoloKical Snrvey of Japan. Tokyo. 1902. 

H pKRiiiNAMDT. RiCHTHOPBN. GeomorpholoKische Studien ntis OstHSien. 
V. Gcbircskcttnniten im japanischen Bogen. Sitzungsber. d. k. p. Akad. d. 
WiMensch. Berlin, rols. zzxviii-zl. 1903. pp. S9201 2. 

tB. Koto. The scope of the Vulcanological Survey of Japan. Publication 
No. 3 of the Barthquake Investigation Committee in Foreign Languages. 
Tokyo, 1900, p. 15. 
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with time, oiir primitive notion comes to be largely modified ; and, at 
present, we can say positively that north and s<")uth Japxn differ in that 
the prevailing direction of the south is greatly influenced by the foldinf^ 
axes while that of the north is by the meridional ruptural lines. 

The external side of North Japan, in contrast to the regular suc- 
cession of geological formations of the south, consists of three tectonic 
blocks, — that of the Paleozoic Chichibu (Kwanto), of the Archaean 
Abukuma, and of the Mesozoic and Paleozoic Kitakami ; and these are 
the gigantic crustal clods that bound the Pacific sea-board, each form- 
ing a geological unit, and an independent upland region. The geo- 
graphical back-lx)ne and the main water-shed of north Japan, lie, how- 
ever, westwards of the discontinuous cctoperipheTal zone, and is main- 
ly built up of the quartz-bearing^ tuffytes of a Tertiary age. These 
remarkably constant pyroclastics constitute the foundation, through 
which the various andesitic lavas have welled out in post-Tertiary 
times in a nearly meridional direction, creating a long series of over- 
towering mightv cones. 

If we were asked what is the mother-rock which supplied the ma- 
terial to the tuflFytes, we can only say that it is the rhyolytc which had 
been poured out at the bottom of the Neogenc sea, and whose deriva- 
tives, the tuffytes, had been deposited in so vast an extent as to serve 
for the foundation of nearly the whole of North Japan, excepting the 
three uplands, already mentioned." 

Below 1 translate with few and brief omissions the text of v. 
Richto fen's j>tudy of Japan a])ove cited. 

* * * The study of the latter island (Yezo) has lent a new a>pect 
to the picture. For it has shown that from its northernmost point 
certain lines having their origin in the geological structure stretch 
out southeast wards into the sea through a southwardly directed di- 
vergence, without appearing again in the following islands. The west- 
ermost line of Sachalin is continued in the Hidaka or axial chain of 
Yezo, and runs likewise into the sea without recognizable continuation. 

Wo limit ourselves here to the three large islands of Japan proper: 
Hondu (or Honshu). Shikoku and Kiusiu, with their small insular be- 
U)ngings, and the western .section of Yezo with its numerous members. 
I, myself, have in the year 1871, when the permission to travel was 
nrely cojiforrod and wns difficult to obtain, visited the environs of 
Fuji-yama and Fuii-yama itself, made a journey along the Nakasendo 
strait> with certain side excursions, and traveled over the island of 
Kiusiu. At that time th^r i?e«>]«^gy of the land was completely unknown. 

Tlu- knowledge derived from these journeys, of the structure of the 
forniatinns cmcerne*!, and many <'f the more important stratigraphic 
rel:iti«.in<, has boome of 11 -c in understanding the latter representations 
and tlu* |;l^<.)^uiic:ll map. 

I'.y tlir cm]).!!!-"!! of ihr Japanese islands with the continental 
Tfj^iun- lyiiij^ wiiliin ilu- <anu' longitudes: (Korea, Liao-tung, and north 
China) the striking (lilYereiice makes itself apparent that upon the con- 
tinent the cuniplex of Pakozuic formations has a plateau-like posi- 
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tion, while upon the islands it occurs only compressed into folds. In 
the former region it is many times broken into inclined orographic 
blocks, and there are not lacking individual folds and bendings of the 
beds; but first in the Tsin-ling range Ixjgin the southwardly and south- 
eastwardly directed compressions or foldings which have affected all 
Faleozcic formations alike and which continue in the structure of all 
southern China. This southern part of the continent offers therefore an 
analog}' with Japan, and it is easy to conject.ire that the section of the 
earth which borders the great continental plateau in the south finds its 
continuation in the Japanese islands. 

With the difference mentioned is connected a different kind of con- 
sideration. In north China the folded basement of all later deposits 
consists only of the Archaean formation; the superimposed cover Ire- 
gins with the Cambrian. In the Japanese islands on the other hand 
the zones and regions included in the Archaean merit special consider- 
ation, but in the basement all Paleozoic deposits arc included with equal 
right, and first in contrast with these are the transgressing deposits 
and extrusions of Mesozoic and Tertiary age which are to be consid- 
ered as a separate cover. 

For the comprehension of the morpholog>' this separation is im- 
portant. I limit myself hence in the first place to the elucidation of 
the structure of the covered basement and to tlie tectonic disturbances 
which are recognizable in it, particularly with reference to the occur- 
rence of granite and other ancient deep-seated rocks associated with it. 
Of little significance for the general structure are the transgressing 
Mesozoic formations, of predominant importance on the other hand 
the tectonic derformations, and the Tertiary deposits which are con- 
nected with the phenomena of vulcanism. 

The present view of the structure of the Japanese islands may be 
briefly stated in outline. According to it the Japanese crescent or arc is 
a folded range of Alpine type separated into two parts by a Graben 
depression, Naumann's well known fossa magna. A sharply drawn line, 
the "median line" runs through the arc in its entire length and sep- 
arates an inner zone corresponding to the core zone of the Alps marked 
by an abundance of granite, from an outer zone consisting of strongly 
folded Paleozoic sediments, in which locally also Mesozoic beds occur 
gently folded. In each of the two wings the two zones suffer by their 
approach to the fossa a bending back and there arises through it a kind 
of chain whkrh reminds one of the Indian grouping (Schanmg) and 
was compared with it by Harada, while Naumann first discovered the 
similarity of form but warned against the comparison. In north Japan 
the outer zone is formed by the ranges of Kitakami and Abukuma; 
their bending back occurs in the Kwanto range. 

If one investigates the islands according to the picsem state of the 
detailed knowledge of them, certain essential lines which through their 
very simplicity corrupt the picture disappear, and with them disappears 
the similarity with the well known representation of the mountain 
crescents of Alpine type. Involved problems intrude. I turn tc the 
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consideration in detail and fasten my attention ui>on the separation by 
the native imperial geologists into north Japan and south Japan, by 
which the boundary is placed in the fault cleft whidi limits the fossa 
magna on the wiest side. The results I have sought to enter upon the 
accompanying map. (See Plate XIV.) 

A. FUNDAMENTAL STRUCTURE OF NORTH JAPAN. 

On the east side of North Japan occur two elliptical mountam 
masses similar to each other in form but different from each other 
in many respects, which following Naumann's example are designated 
by the Japanese geologists as the Abukuma mountain region and the 
Kitakami mountain region. 

The Abukuma mountain region forms according to Koto, who 
has investigated the difficult structure with care, an acute rhomboidal 
horst-like mountain block extending from north to south 150 kilometers 
in length, and 45 kilometers in average breadth. The undulating uppei- 
surface has a mean elevation of 400 meters, with an extreme elevation 
oi 933 meters, and ascends gently toward the east from the longitudin- 
al valley bounding it upon the west; and on the east side, 500 to 600 
meters high, it falls away quite steeply upon a coastal terrace two to 
four kilometers broad covered by the uniform Hara steppe, which in 
the basement consists of Tertiary sediments and is covered with 
ancient coastal debris of granite blocks, sand, and gravel. The sea 
is now at lower levels making an attack and eroding this terrace; 
hence the narrow strand is accompanied by low but steep cliffs. 
Through depressions on the west and east side the mountain body 
proper raises its gently undulating upper surface as a horst. Deeply 
incised cross valleys have brought about a transverse division of it 

The entire mountain range consists according to Koto of Archaean 
rocks which fall into three divisions. The lower, designated Lauren- 
dan, consists of plutonic rocks which he has regarded as having become 
schistose partly through plastic and partly through rigid (firm) defor- 
mation. In the second, or Takanuki series, which consists essentially 
of gneissose mica schists and titanite-bearing amphibole schists, two 
stages are distmguished of 5,000 to 5.500 meters thickness, while the 
uppennost division. Gozaischo series, shows essentially amphiboljrtes and 
mica schists estimated at about 10,000 meters thickness. All strike 
directions arc near the meridian, but always with a deviation toward 
the NW, hence in the mean about N by W. The same holds true for 
the numerous dike phenomena of ancient eruptive rocks and for the 
direction of the rectilinear meridional side of the rhomboid. Even if 
the numbers are considerably exaggerated it is yet clear that the Arch- 
aean lormations arc very heavy. It is, however, to be observed that the 
Japanese imperial geologists arc inclined to identify the Gozaisho stage 
with tlic-ir Sambagawa .«tagc, which, to judge from its rocks, corre- 
sponds to the Wutai lx?ds in China, that is to say, the Algonkian stage. 

A> a ringed nia<s tlir Alnikunv.i mountain region reaches it"? north 
limit a .^hort distance north of the 38th parallel of latitude. Approxi- 
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mately ^ minutes of latitude farther to the north, but a complete 
degree of longitude further east the Kitakami mountain region begins, 
somewhat longer, somewhat higher, and somewhat broader than the 
above mentioned, but of similar rhomboidal to elliptical form. It con- 
sists of Paleozoic sediments, whose age, as everywhere in Japan, is 
with the exception of the Carboniferous part indeterminable. The 
strike directions of the internal structure are in gcnerni NNW to N by 
W, but in the southern part irregularities occur. Here a southwardly 
directed syncline of Trias and Jura appears; at the point of the penin- 
sula formed by it occur also Paleozoic beds with S by W strike. Gran- 
ite and other ancient eruptive rocks take part in the make-up of the Kit- 
akami. 

If the relations in age are here widely different from those of the 
Abukuma it is also true that differences are found in reference to the 
form of the coast line. In .contrast to the broad Tertiary band and the 
even coast line of the Abukuma is found in the Kitakami an unusually 
well de^-eloped Rias-Iike projection of the coast and the absence of the 
Tertiary on the coast side. There the evidence of negative transla- 
tion of the coast line, here the significant marks of advancing bay-like 
invasion of the sea into the valley outlets. 

The question of the contrasting relations of these two mountain 
masses is decisive for the conception of North Japan. When the as- 
sigtied differences in structure and constitution were still unknown, 
Naumann was able to arrive at the view that both masses wer^-i sep- 
arated members of a continuous zone, and that the step-Hke pushing-out 
of the ridges of the northern members came about in such a manner 
that along a transverse line extending from Sado to Sendai a pushing 
out in an easterly direction of the entire northern part of North Japan 
in contrast to the southern had taken place. This conception deter- 
mined the drawing of his median line to the west <»i !K>th monntain 
masses, and this has, moreover, led up to the generally accepted view. 

Since Abukuma has l)ecn investigated Kitakami can no longer be 
considered as its continuation. Both masses are mjich more clearly 
fragments of two parallel but different zones in the l);iscnicnt (.f the 
Tpnge. and particularly worthy of note because ancient intrusive rc-cks 
are rare in them and younger ones are almost entirely lacking. If we 
wish to search out the actual further course of Ixnh zone^ toward the 
north, following individually tht' strike direction of th? fold struc- 
tures of each of the two masses, wc must disregard t11 later crnerings 
by volcanic masses and Tertiary sediments. The places where the base- 
ment is exposed are indeed rare, but by the study of the scolovjical map 
thcv ^^^ found to group themselves in two zones which run dia.i;r<)nally 
through North Japan in the direction N by N W to XXW. The di- 
rection of the Abukuma zone is hnmpht out hv the continnnlion ;)f the 
parallel lines which limit the rhomboid of the Abukiinin m;i^sif on the 
southwest and on the nnrlhea>t, and which are follow eil al?o by the 
small ranges and the dikes of ernj)tive rocks in it. We come over the 
broad valle>' of the Abukuma river and find betn-evii the extended lines 
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the rare places where the gneiss comes up from beneath its cover. The 
zone reaches the west coast in the stretch in which lie the cities Sakata 
and Akita. To the Kitakami zone on the other hand we must refer 
ever>'thing which lies in the extension of its strike direction and to the 
eastward of the Abukuma zone. We are thus led at once over the Kit- 
akami river. There appears still a small gneiss dome in the high Sen- 
nin-take (948 m.), which may form the bouiKiary of the gneiss zone; 
but with this exception are found in the extension through all of Mutsu 
and beyond toward western Yezo only such formations as are referred 
to the Paleozoic group. 

Thus the Hidaka range (upon Yezo), Kitakami, and Abukuma ap- 
pear as three parallel zones of the core folded in post-Carlx)niferous 
time and striking between N by W and NNW. Their mutual connection 
cannot yet he made out. There are not lacking evidences of a separ- 
ation through strike faults; for the above drawn profile of Abukuma 
indicates that Kitakami is sunk away upon its east side, and likewise 
at the Hidaka range the. steep and short eastern descent in contrast to 
the gentle western slope is marked. But there enter also abnormal 
phenomena. For the strike of the Paleozoic sediments is in Mutsu 
(the northeastern part of Hondo) ENE, in western Yezo it is for the 
most part NE, but also in part E 10* N. 

The investigations up to the present appear to give ik) satisfactory 
answer to the question where the southern continuation of the three 
zones lies. Hidaka strikes out toward the sea and breaks off; for Ki- 
takami the same holds true according to Jimbo's already mentioned 
representation. For Abukuma it is assumed that a turning back occurs 
toward the Kwanto range, where the WNW direction controls . ever>'- 
thing, and that the broad alluvial bay of Tokyo conceals the intermed- 
iate members. For a conclusion the following facts may be introduced: 
( I ) In the Abukuma mountain region it holds, so far as may be learn- 
ed from the accessible writings, that the strike direction SSE to S by E. 
is the dominant one even to the southernmost part; (2) The Kwanto 
range does not consist of the Archaean gneisses of Abukuma but of 
Paleozoic sediments, and where on the northeast side a band of older 
phyllite occurs it is referred to the Algonkian Sambagawa beds; (3) 
In the extension of the Abukuma range to the S by E lie at the mouth 
of the Tonegawa the small hills of Tschocshi made firm land through 
its alluvial and coast deposits. Here occur Paleozoic sediments with 
SSE strike and one might see in them a last outlier of a member of the 
Abukuma zone; (4) On the other hand there arises to the west from 
southern Abukuma the N-S directed Yamiso-tsukuba hill country as- 
cending to a thousand meters which is built up essentially from Paleo- 
zoic rocks. In the north it strikes NW, in the south SW, and here it 
is in contact with eruptive masses metaniori>hoscd to gneisses. These 
changing strike directions NW and SW are given also in the Etschigo 
mountains and througiiout in the entire area which lies southwest from 
the Abukuma gneiss zone extended in our sense to the northward. It 
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is as if here in contrast to the former complex a regularity in bedding 
were not to be recognized. Only the Kwanto range appears to have 
an indeoendent position, for it has, as above stated, a pronounced 
inner and outer side, and the Paleozoic sediments are arranged in 
regular synclinal and anticlinal folds. 

It is clear from this that the 'median line* cannot be regarded as a 
SQMiFating line of two longitudinal zones of the fundamental complex. 
These have indeed a zonal arrangement, but in quite a different sense: 
the zones are cut through diagonally by the line. Undoubtedly the 
latter has not only for commerce but also morphologically a signifi- 
cance, but its origin is the result of late tectonic movements regarding 
which and also the volcanic lines I will speak later. I turn first to the 
structure of south Japan. 

B. FUNDAMENTAL STRUCTURE OF SOUTH JAPAN. 

In the west part of Japan, for which the little adapted name 
South Japan has come into use, are two longitudinal zones distinctly 
recognized. Here is in fact even in the basement a separating median 
line at hand. It follows a narrow but distinctly indicated band of 
mica schist generally accompanied by a band of Flysch-like Cretaceous, 
which runs through Kii, Shikoku, and Kiusiu with varying breadth. It 
belongs to the southern zone and follows it westward there also where 
it is far removed from the northern zone, and a small apparently neu- 
tral region in the form of a triangle is wedged between the two zones 
with its very acute apex in the cast. To the eastward where these zones 
border each other the above mentioned bending back to the northward 
is accomplished in the face of the great transverse fault along the Fuji 
line. 

The two zones offer in scenery and in structure noticeable differ- 
ences. Their relation to each other is one of the keys for the explana- 
tion of the problematical structure of Japan. We must therefore con- 
sider them in detail. 

The North Zone. This is separated into a western part as far as 
the narrow neck of land between the Wakasa gulf and the Owari bay, 
and an eastern part from there to the great cross fracture. To the 
first mentioned belong: Tschigoku (in somewhat extended sense), 
that is to say, the great western peninsula of Hondo which extended 
to the eastern shore of the Biwa lake is 510 kilometers in length : the 
neck of the Kii peninsula to the mica schist band ; the eastern and mid- 
dle interior sea with its islands and the two northern peninsulas of 
Tschigoku; in addition the northern projection of Kiusiu. Tlie east- 
em portion embraces in addition to a little region in the southeast 
the rest of the country between Biwa lake and the great cross fracture. 

In Tschigoku appear in the fundamental complex schistose and 
quartzitic sedimentary rocks which are regarded as Paleozoic. They 
strike in general parallel to the peninsula, that vbout \V to E and 

W by S to E by N. The rectilinear stretch o' :t line facing? Kor- 
ea directed from S\V to NE from Vamati\ I\..*nii ami I(Ninno. is 
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a steep diagonal fracture on which the beds with the above mentioned 
strike disappear, and docs not therefore indicate how one could con- 
jecture from the contours a bending of the internal structure or of 
the entire mountain member. Far more character-giving than the sed- 
imentary rcKks is widely distributed hill country of deeply decomposed 
granite which on the surface is disintegrated to gruss, which also 
composes almost without exception the islands of the interior sea and 
the northern peninsula of Tschigoku. To the eastward are inserted two 
bands of gneiss, on the border injected by granite, a broad one entirely 
in the south in connection with the band of mica schist, a narrow one 
in the north. Both include a middle band of Paleozoic sediments 
varying by 100 kilometers in its breadth. 

Beginning about at the 136th meridian there enters quite gradually 
a southeasterly convex bending in which all three bands take part. The 
gneiss band in the neck of the Kii peninsula, although according to the 
conception of the Geological Survey divided into three meridional 
horsts, strikes first W to E and turns then a little toward NE. The 
middJe strip shows still in the vicinity of Gifu W-E direction with 
local deviations. But in this are found many irregularities. 

To the east of the Owari bay the bending proceeds rapidly, the 
strike in the southern gneiss band becomes NE, and west from the 
upper Tenriu-gawa N by E. Also the northern gneiss band belonging 
to the regions of Hida and Yetschiu shows in the strike of its beds 
the same bending over NE to NNE. This is the bending back of the 
north zone clearly recognized by Naumann. 

Deviating from it is the occurrence of granite. To the traveler, 
as well as to the one who glances at the geological map, the great role 
which this rock plays, as well in the horizontal distribution as in the 
upward extension to great altitudes, is most striking within these east- 
ern portions of the north zone. For granite plays the principal part 
in the composition of the mighty chains of the Kisso and Hida ranges. 
Both are directed to the NNE; but/ the latter bends in the stretch in- 
dicated to the meridional direction through Otcndjo-yama (3185 m.), 
Tate-yama (2936 m.), and Rcnge-yama (2934 m.). From the island 
Awadji the granite follows for the most part lines which do not cor- 
respond with the strike direction of the fundamental complex, but in- 
tersect it anil in a certain degree anticipate its bending. The direction 
NE is taken by the granite where the schists are still directed from W 
to E; and where the latter turn toward the NE and NNE the lines of 
the granite have directions N, N by \V, and NNW. The arrangement 
can be considered as an irrej^ularly radial one in the arc which is con- 
vox to the .Sl^.. ***** 

.vnitlicr plientinien'i may be referred to the stretching and con- 
st qnent <ji)ening of the texture nf the outer portions of the zone. This 
i> the 'li-inumberiiig whicli it lia^ tlure suffered. It is in contrast 
with tic -.imple o«»;i>t line of the north side and the compressed 
«>tnic*uri- \\hic1i (li>tin.«Tiiis]u.< tlie Taniba plateau and the 
nuniTiiainoii- countrs* of Mino-Hida. It is sufficient to bear in mind 
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the invasion of the sea in numerous bays, like the Owari bay, and the 
many bays united in the interior sea, Seto-Utschi, or the mentioned 
dismemberment of the gneiss zone of the Kii peninsula into four horsts, 
separated by meridional Graben. All these phenomena belong exclu- 
sively to the outer portion of the north zone and terminate sharply 
where they join the south zone. 

The South Zone. The above mentioned arms of the sea are all 
sharply cut off in a line by the above named and even narrow band of 
stc«ply inclined mica schists, which were referred to the Samba-gawa 
stage, accompanied as they are by a narrow band of Flysch which runs 
through the islands Kiusiu, Shikoku, and Kii. Furrows of slight breadth 
are incised and serve the ocean as portals for connection with the wide 
bays of the north zone; they are kept open by powerful tidal currents. 
The south zone begins at these portals. It has already been shown how 
this zone enters in considerable breadth from the west as the pre- 
sumptive continuation of the south Chinese mountain country and con- 
sists of Paleozoic deposits belonging to the Japanese Chichibu system, 
which are disposed in steep SW to NE striking folds. The dominance 
of northwestern dip is indicative of compression from the NW. I 
have in the place mentioned given to the still nameless range, the name 
Kuina range, after the Kuma river, and sketched it as a nearly uni- 
formly high mountain country, difficult of access and deeply incised 
by meandering streams. It has also been shown how the entire zone 
inclusive of the mica schist has suffered gentle bending and enters the 
island of Shikoku with E to NE strike, crosses it entirely and comin- 
uscs toward the peninsula of Kii, by which the strike gradually changes 
into W by S, E by N, and WE. On the way through Shikoku and Kii 
the compression of the structure increases with the closeness of the 
folding, and with it the altitude increases; the mountain country be- 
con>es more difficultly accessible, more closed to travel, and is thinly 
populated ; the valleys are more deeply intrenched ; waterfalls occur in 
the meandering channels of the brooks. This mountainous country of 
Kuma-Kii, as it may here be called, separated into individual fragments 
but belonging together, stands in striking contrast with the landscapes 
of the north zone, which are distinguished by rich variety of topography. 

For the comprehension of the morphologj- this separation is im- 
portant. I limit myself hence in the first place to the chicidalion of the 
structure of the uncovered basement and to ilu- tectonic (li>tur]>ances 
which and, with the exception of the hishly elevated eastern portion, by 
easy communications and great capacity for settlement, hence by dense 
population and an abundance of citie>. Upon the pcoloRical niaj), the 
contrast is marked in the concentration <>t j^ranite in the nnrili z(Mie un- 
til almost upon the border, where it is cut (»tT nnd it is a rare occurrence 
in the mountainous country of Kuma-Kii: likewise the hn.ad band of 
gneiss of the north zone ends sharply up«<n the rectilinear border. The 
general map shows that the criteria of open structure which character- 
ize the southern part of the north zone, and in part the basins of the 
inland sea, and the gneiss horst- r.f Kii. n-..ver extend into the south 
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zone. The connections of the seas are made through gaps in it; but 
these have an entirely different character. The coasts within the south 
zone are in part of pronounced Rias-type, where the sea washes directly 
the transverse ends of the bedded rocks, and in part gently arched 
steep coasts which indicate falling in. Volcanoes are lacking with the 
exception of those in the Liukiu line. 

From the general morphological point of view, it is significant that 
the line of the mountainous country of Kuma-Kii (which up to the 
emergeiKe from Kii has a length of 690 kilometers) is the unique ex' 
ample in the entire system of arcs here coming under consideration, of 
an arc which is convex to the ocean. With it is connected the rare 
phenomenon that the compressive force has been directed from the con- 
vex toward the concave side of the arc. One can designate this as a 
reverse arc of compression. 

Continuation of the Tsinling Range in Japan. This result 
of finding a relation in the same sense and of the same kind 
in Japan and China is based upon the conception,already expressed, that 
Tschiugoku, with the ranges of the interior sea, is the continuation of 
the Chinese Tsinling range, which disappears suddenly at the Honan 
fracture. The comparison of the structure says nothing against it; for 
in China also zones of gneiss alternate with those of Paleozoic beds, 
and post-Carboniferous granites play an important role. Both arc 
alike the expressions of the important compression of the entire mount- 
ain mass toward the south. To the argument which Naumann derived 
for the compression of the Japanese range out of the northerly bending 
of the eastern end, is added that common to China of the arc-like com- 
pression of the ranges in the country to the south. The separation of 
the Japanese fragment from the Chinese by an interval of 16 deg. of 
longitude is indeed important; but on the one hand there appears to 
be present within the intervening space in the Hwai range a notable 
depressed fragment of the same range thrust still farther southwards and 
against the Tsinling range, and on the other hand, the interior region 
is one of very deep-seated tectonic disturbances. It cannot be assumed 
that such a mighty framework in the structure of the earth's crust 
as the Tsinling range with its western continuations in central A^a 
fn^m the time of its formation on, has come to so sudden an end; it is 
far more probable that it has had a still further continuation in the 
direction of the present Pacific ocean. Here in Japan it comes once 
more to the surfac;? with somewhat altered direction, after which, then, 
in the vicinity of the mo<t extensive of the present extreme depressions 
of the oceanic Insin, it .seems to come actually to an end. This gives 
to tlic *itn(ly of the struciiire i^f Japan increased interest. 

The N.\c.\s.\ki Triangle. If the view here introduced is correct 
that only the nortliwjstern p^rt of Kin sin, with the granite mountain 
country of Si.fiiri ( lo.VJ ni. ), belongs to the north zone, there remains 
between ihi- :i:ul the soinh zone a triangular area which is bounded on 
the n .rih >;<lr l»y :in K-\V line (Matsuyama-Kuruma-Imari) and on the 
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south by the connecting line Matsuyama-Yatsuschiro. Tlie apex in 
Matsuyami lies opposite the stretoli of coast ]>etwc«n Imari and Yat- 
suschiro as base with unique variety of its lines and the types of its 
landscapes, in which Nagasaki is the place generally best known. As 

has already been stated, a basement visible only in few places, owing 
to erosion and subsequent deposition, consists here of probably Ar- 
chaean schists, among them mica schist ; and rock otherwise almost for- 
eign to the north zone, is very widely developed along with gneiss, 
while granite occurs only in subordinate amount. Harada considered 
this region as a continuation of the lower zone, which belongs to the 
interior sea. In that case, it would be a portion of the north zone, 
and it would be necessary to assume that this suffers a deflection 
toward the S\V. The interior strike of the beds must then show thijs 
deflection in western Tschiugoku; but I have found no observation 
which would confirm this. The position of the intermediate members 
must, therefore, still remain uncertain. 

For this space the great development of volcanoes is character- 
istic. Aso-yama, Unsen-yama, Tara-dake, and others, whose activity 
in part still remains, have covered the land over a wide extent with lava 
and ash. 

"The Akaisciii Range. The remarkable position of this high and 
for the most part massive mountain block was first recognized by 
Naumann; further investigations have confirmed his view. The fold 
axes of the Kuma-Kii, and its accompanying band of mica schist, nm 
from the peninsula of Kii over the entrance of the Owari (or Ise) bays, 
toward the lower course of Tenriu-gawa. Here begins a peculiar line, 
directed toward the Suwa lake, drawn to the eastward of the middle 
and upper course of the last mentioned river and parallel to it, which 
marks the line orographically and tcctonically. It follows sharply for 
85 kilometers the direction .N 18 deg. E and turns beyond the pass 
Jirp-Togc in a further stretch of 43 kilometers, in a direction N 10 deg. 
E. Along it runs a furrow, distinguished by short rectangular water 
courses, breaking through westward to the Tenriu-gawa, several passes, 
and numerous villages. It separates gneiss with granite in the west, 
from Paleozoic mountains with bands of mica schist on the east. There 
the north zone is sharply bent to the NNE and N by E; here a similarly 
deflected mountain fragment which all observers including Naumann 
have recognized as a fragfment of the south zone, that is to say, of the 
Kuma-Kii range. Naumann has called it the AkaiscJii sphenoid. This 
mountain block has much compressed structure, reaches in Akaischi 
and Schirane altitudes of 3,093 and 3.150 meters, and has a meridional 
extension of no to 130 kilometers, with a medium breadth of 40 kilo- 
meters. 

It shows that there where the north zone has suffered the strongest 
deflection of its crest through its compression inward the south, an 
opening of the correspondingly bent Kuma-Kii ranfi^e has occurred in 
places until it has disappeared, and an ahnost detachod frajjjnunt of it 
has been thrust in the meridional direcii(ni. It one rej.j:irds tliv region 



226 The American Geologist. October, i904. 

of the Suwa lake as the fulcrum in the turning of this Akaischi inount- 
ain block, then it is easy to surmise that the connecting line between it 
and \'atsuschiro in Kiusiu is in accord as a likewise scarcely moved 
point approximating to the original course of the north border of the 
south zone. It runs somewhat south of Matsu-yama. touches Kioto, 
and has the direction of the average sinian strike. If one compares with 
it the present position of the band of mica schist, one derives from it 
approximately the amount of deformation that has occurred. 

(To be continued.) 



THE UNTENABLENESS OF THE NEBULAR 

THEORY. 

By N. MitTOCKLBt, Minneapolia, Minn. 

I. 

"There was once a time when the earth was distended on all sides 
away out to the moon and beyond it, so that the matter now contained 
in the moon was then a part of our equatorial zone. And at a still 
remoter date in the past, the mass of the sun was diffused in every di- 
rection beyond the orbit of Neptune, and no planet had any individual 
existence, for all were indistinguishable parts of the solar mass. At the 
period where the question is taken up by Laplace's treatment of the 
nebular theory.xht shape of this mass is regarded as spheroidal." (John 
Fiske, The Unseen World, p. 7.) 

To readers, who are interested in cosmogony and who 
have acquainted themselves with the works of Kant, Laplace. 
Herhert Spencer, and John Fiske. it may, perhaps, seem like 
lost labor tryinj^^ to find flaws in and pronounce untenable, a 
tlieory which was advanced b}- the two fonncr and, on the 
whole, accepted and defended by the two latter. Still, every- 
one must admit, that a theory, which pretends to explain any 
natural |)hcn«imenon, but leaves both its essence and qualities in 
i^cneral unexplained, is hi^^bly unsatisfactory and not to be dc- 
jH'iided ujion. Tlie nebular theory* can, consequently, not coni- 
niand Ix^lief so lonj^ as the j^henomena and natural forces, 
which it has taken upon itself to interj)ret, practically remain a 
mystery. This failure on the part of that theory proves it 
oniiclusively t<^ be crr<;nei)us. Xor is there any risk in asserting 

• Tin; liriii \chuliir Theory i«, in this treatise, considered more proper than 
Xchulur Hypothesis, ami is t renter! an an clnborated theory, which the well- 
known Nciiular li vpothrjfis is in the full nieuninf; of the word. The Nebular 
Hypothesis is nNo (if ten spnkcn of as a theory, eren bj aathoritleff.and araoag 
other** John I'iskc h.'iN accepted it aH such, which is fihown in the qaotation 
Kiven above. 
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that errors may be found where we know beforehand that they 
exist. 

We gladly admit, however, that our sincere thanks are 
due the modern philosophers for so insistently recommending 
the study and application of the science of logic ; and for their 
telling us, that we can never gain a clear and comprehensive 
understanding of any subject except by means of logical 
thinking and harmonious and consistent reasoning. "Logic,*' 
says John Fiske, "is to the scientific investigator what the law 
of proof is to the lawyer/' 

This is true, and it is, furthermore, of vital importance for 
our discussion of the theory in question. But logic alone is 
not sufficient. Let us, therefore, before wc take up the prob- 
lems before us, add a few observations concerning certain 
rules, which everv student of natural laws and forces must 
recognize and observe. 

Howe\-er important and indispensable log^ic is to a scientific 
investigator, it can, nevertheless, serve only as n valuable as- 
sistant under certain conditions. As one of these conditions, 
may be mentioned a thorough and complete knowledge of the 
starting point from which one, by means of induction, seeks 
the solution of a problem. Xo matter how logically one may 
reason, if the first conclusion regarding the condition, essence 
or genesis of a thing is wrong, every subsequent conclusion, 
based on the first, will lead from error to error ad infinitum. 
It is the non-observance of this fact, as w-e shall show later, 
that has led the natural scientists to commit their greatest er- 
rors. They have been logical to the tips of their fingers, but, 
in many instances, totally blind as to tlie proper conditions for 
tKe use of logic. Thus we often find, that no distinction is 
made between a philosophical and a mathematical problem ; and 
we are told at times, that this or that scientist lias solved 
mathematically a much discussed pr()l)leni in spile of the fact 
tliat that same problem does not admit of a mathematical solu- 
tion. A philosophical problem cannot W solvt-d by mathemat- 
ics: for mathematics can give us a trustworthy result only 
when all the elements and ]>arls of thv' subject are (h'stin- 
guished and imderstood in all their <k-tails. The euhic contents 
of a hill and its elevation above the sea level, for instance, is 
a geometrical and. hence, a niatheniatical pniblem: hut the 
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genesis and formation of that same hill is a philosophical and 
geological problem which cannot be solved by computation. 
Consequently, when we are told that a philosophical problem 
has been mathanatically solved, as for instance, when G. H. 
Darwin "proves*' bv mathematics that the moon almost touched 
the earth's surface some 50 or 100 million years ago, and that 
it revolved around the earth in about four days, then we must 
remember, that such speculation is simply an illusion. To 
give a rational solution of such a problem lies wholly outside 
the province of mathematics as we shall show more clearly 
in §13, when we come to speak of the true origin of the plan- 
ets. 

Next to and in connection with a clear understanding and 
a correct conception of the starting point, all sound inductive 
reasoning requires an equally thorough knowledge of all com- 
plications and conditions that may arise later in the course 
of reasoning; for logic, we must remember, can serve only as 
an aid or means, like a horse or a ship, which goes wherever 
we guide it. A navigator, for example, who sails from New 
York, bound for Liverpool, but lands in Porto Rico, gains 
little by claiming that Porto Rico or any part thereof is Liver- 
pool, because the ship brought him there. Thus it is also with 
the mathematician and the philosopher. The result gained is 
not a sufficient g^uarantee for the correctness of their reason- 
ing; because where due attention is not paid to nature and 
those of its laws that bear upon the problem, the result might 
so easily be "Porto Rico" instead of "Liverpool." 

Now, therefore, it is clear that one, who attempts to ex- 
plain the origin of the solar system by means of the nebular 
theory, must necessarily, in the first place, have a correct con- 
ception of the principal forces involved in his theory as a con- 
dition for a correct understanding of the genesis or origin of 
the heavenly bodies, this to serve as a starting point on the 
basis of which he afterwards, by the aid of logic, tries to ex- 
plain the nature and inner relations of the whole system. 

Let us, then, remember this as we now proceed to the dis- 
cussion of the nebular theory; and let us remember also, that 
it is our duty to satisfy all reasonable demands which the prin- 
ciples we have laid down, make upon us as we proceed, step 
by step. 
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2. The nebular theon-, as elaborated by Laplace, and 
before him presented in several of its main features by Im- 
manuel Kant is, in brief, as follows : 

All the heavenly bodies, large and small, which compose 
the entire present solar system, have originated from a com- 
mon, vast nebula. This nebula was spherical in form and filled 
space as far as to the orbit of the most distant planet. The mass 
composing this nebula contracted towards the center; by 
this contraction, rotation and heat were generated. As the 
contraction and consequent condensation went on, the rotation 
increased, which again caused an expansion in the equatorial 
region and depressions at the ix>les. On account of the rapid 
rotation the centrifugal force finally increased to such a degree 
that it overcame the force of contraction. This, again, caused 
the separation of a portion of the nebula at the equator, which 
portion continued to revolve around the nebular mother in 
the form of a ring. This operation rcoccurred as often as the 
rotation increased to such a degree, that the centrifugal force 
overcame the centripetal or inward tending force. Thus one 
ring after another was fonned ; and in time these rings broke, 
contracted, and formed themselves into individual nebulae, all 
rotating and revolving around the common center of gravity. 
Tliese new bodies, in their turn, threw oflF rings, which, like 
tfie former, became spherical nebulae. The former became the 
planets; the latter the moons of the planets, while the original 
and constantly contracting nebula — finally forming into a mass 
of glowing lava — ^became the Sun and center of the system. 

The cause which led to the construction of and subsequent 
adherence to the nebular theory, was the wonderful S}Tnmetry 
of the solar svstem. The advocates of this theory noticed that 
the planets revolve in analogous orbits around the equator of 
the Sun whose plane of rotation thus becomes identical with 
the orbits of the planets. They found also, that the same rela- 
tions exist between the planets and their moons, so that the 
moons revolve around the equator of the planets, and that the 
plane of the planet's rotation thus coincides with the orbits of 
the moons, or nearly so. The object of the nebular theory, 
thus, is to explain how the whole solar system was originally 
formed and put in motion, and how the order and motion of 
its various parts have since been retained and preserved. The 
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adherents of that theory have not, however, been able to find 
anv sufficient cause for the rotation of the nebula. This is 
important; for the nebula must of necessity rotate in order to 
form and throw off rings. They supposed that this cause 
could not possibly be any other than the contraction of the 
nebular mass, which was taken for granted and assumed to be 
a fact. 

Herbert Spencer and John Fiske have dwelt with great de- 
light on this point and claimed that nothing can be imagined 
more clearly proven and demonstrated. They have pointed 
out, that according to the theory in question the planets Jupiter 
and Saturn must rotate very rapidly on account of their vast 
mass and jx)werful gravity; and which the)' think the obser- 
vations prove to be true. They Irnve pointed out further, that 
said planets must for the same reason have thrown off many 
rings, and, consequently, have many moons, which the obser- 
vations also prove to be correct. This view is, therefore, in 
the words of Herbert Spencer, incontrovertible. 

We shall now take up these premises and conclusions one 
by one and see whetlier we can not derive these same phe- 
nomena from other sources. Perhaps we may find some other 
methods than those mentioned above, by means of which we 
may be able to explain why the planets move in orbits analo- 
gous to the i)lane of the solar equator; and likewise %ve may 
detect another cause for the corresponding state of things in 
regard to the moons and planets; and hence we may possibly 
discover another manner than that set forth in the nebular 
theory, in which the moons have come to the planets. 

The last mentioned of these investigations we cannot un- 
dertake inmiediatelv, however, as that would carrv us too far 
from our main subject at present. Let us rather begin with 
the fundamental point in the theory, the starting point, and 
return to the numerous details later on. 

§3. The nebula, then must have rotated; and there is no 
reason to doubt that it did. Rut let us remember that the 
vital ])(>int riirht here is to determine n^hat caused the rotation. 
The im])ortance of this point is further emphasized by the fact 
that thf same force must later on serve as the motive power for 
the iniation of all tlu- bodies formerl from the original nebula. 
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How the rotation of a nebula is caused by the contraction 
and condensation of its mass, can, accordinj^^ to Herbert Sikmi- 
ccr, be explained in the followinpf manner : 

"Kach portion of such vapor-like matter nuist l)egin to 
move toward the common center of gravity. The tractive 
forces which would of themselves carry it in a straij^ht line to 
the center of j^^ravity are opposed by the resistant forces of the 
medium through which it is drawn. The direction of move- 
ment must be the resultant of these — a resultant which, in 
consequence of the unsvmmetrical form of the flocculus, nmst 
be a curve directed, not to the center of j^ravity, but toward one 
side of it. And it may be readily shown that in an at:["^re,i^a- 
tion of such flocculi, severally thus movint:, there nmst, by c(^m- 
position of forces, eventually result a rotation of the whole 
nebula in one direction." ( b'irst JVincij)les, j). i(>8, ^y().) 

To a merely casual observer this may, j)erhaj)S. seem rea- 
sonable and many may consider it tolerably satisfactory. T^t 
us not, however, be satisfied with this suj)erricia! i)robability, 
but analvze the statonent and thus determine to what an ex- 
tent it is reasonable. 

It assumes tliat it is the force of ^^ravily which first set 
the matter in motion and which afterwards continued to cause 
this motion or rotation. As the nebulous mass contracts and 
condenses, the attracted parts meet resistant forces in a sup- 
posed medium througli which tlu-y nmst pass, the result of 
which is a curved motion to one side instead of a m(.»tion in a 
straif^ht line towards the center. 

Here we notice at once a most remarkable circumstance, 
which has been left unexplained, but which nevertheless, is of 
great importance, namely, that the medium through which the 
attracted parts must pass does not move in consefjuence of the 
vapor-like or gaseous condition of the nebula. \\'hy docs not 
this medium move together ;tv7// the vapor, sinking t«»wards the 
center ? 

This medium cannot be supj)0s<'d to otTer a resistance simi- 
lar to the resistance offered by atmos])heric air to objects j)ass- 
ing through it, for the nebula itself, acc<.)rding to Lai)lace, was 
thin as air long after the rotation ci^mmenced. 'l\> supj)ose 
such a resisting medium in the nebular matter in tliat stage 
of evolution, would be the same as to supiK>se that air in 
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motion \voul(l meet within itself a resisting force which would 
change the direction of the motion. Such a supposition would 
be contrary to both nature and reason, and still the reflation of 
the primeval nebula of the solar system as the theorists have 
imagined it, depended ui)on just such supposed conditicms ; and 
hence we find that the very starting point of the theory rests 
on a rather shaky foumlation. 

We notice, next, a point of etjual importance, namely, that 
the strength of the resisting force, supposing that it exists, 
would be prop<^rtional to the velocity with which the attracted 
matter passes towards the center : and further, that this vel«xi- 
ty would be entirelv too small to create the necessary resis- 
tance I This presents a new difliculty and raises a new doubt: 
'if the condensation of the matter, in the condition of a nebula 
at such a stage, is not sufficiently rapid to create the necessary 
H'sistance, then its rotation would thereby be prevented. 

Lit us acce])t the assumption, however, that the contracting 
matter meets a resisting force and that the condensation is 
rapid enough to cause a resistance strong enough to change 
the course of the contracting matter, and see if that puts us in 
a better jjnsition tu accept the theory, or, in other words, if it 
then will Ik- natural to su])pose that this change in motion 
be froni a >iraiglit to a curved line, to one side of the center 
more than to the other. 

When we speak of a nebula whose matter is condensing, we 
claim at the same time, that the force of condensation and the 
force of resistance are identical in all directions to and froni 
the ctMumon center o\ gravitv, wherebv anv motion towards 
one side becomes just as possil.)le or impossible as a motion to- 
wards the oiJKT side. 1^'rom this we must conclude, that ro- 
tation cannot ])ossibly be caused in that manner. If in sjnte of 
this, we hold on to the sup])osition claiming that the nebula 
rotaiis around its center by virtue of the force of gravitv, 
then we mu< at all events admit, that the rotary motion could 
take place in a ])lane in one directicm as well as in another, 
since llu- attractive force is iIk- same in all directions. The ro- 
tation ^honld. iIku, according to the theory of this generative. 
roiary i^^v^^K:, have exactly llu- same cause to go from south to 
nnrtl:. friiiii north u^ M»ulh, from east to west as from west to 
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east. We would expect that Herbert Spencer and other phi- 
losophers should have understood this! 

Here we mav safelv conclude that the rotation of a nel)ula 
cannot be caused in the niannc^r that this theory claims ; still it 
may be interesting to consider, in this connection, some of the 
other consequences result in j:j^ from that hypothesis. 

The ethereal matter, as we may most properly call it, 
through which the nebular stuff, attracted towards the center, 
must pass, and the resistance developed by this motion, must 
necessarily be the same, no matter in what direction the motion 
takes place, since it is the motion itself which creates the re- 
sistance. A motion towards the side of the center nmst, there- 
fore, meet the same resistance as the one moving straight to- 
wards the center. Since the resistance, thus, will be the same, 
no matter in what direction the nebular stulT is moving, we are 
forced to conclude, that its m<ition in any other direction than 
that determined by the law of gravity, is as imj)ossible as for 
water to run up hill. 

We shall find, further. If we accept the hyi)othesis in ques- 
tion, that the resistance which was a eonsecjuence of the con- 
traction and sinking of the matter, was coexisting only with 
the medium which caus<'d it. Now, tlun, if we direct our at- 
tention to fullv condensed and encrusted bodies, as for ex- 
ample the earth, we cannot escajie the imj^ression that here, at 
least, the alx^ve mentioned medium nui>t U^ni^ atro have ceased 
to exist as a means of resistance to the coutracling matter; for 
the contraction has practically stopped. In regard to the 
Earth, we can, consequently, not s]K'ak of any rotation of mat- 
ter around the center; hence the Earth itself should not rotate, 
but it does rotate, nevertheless, and with a sjieed of about 17 
miles a miimte. 

In the discussion of this theory, to which many of the 
astronomers still cling, it is also of great importance to call 
attention to the fact, that planets of about the same size ought 
to rotate w^ith about the same velocity, with this difference, that 
a younger one ought to rotate faster than an older one, and that 
the Sun. which, it is claimed, is still a glowing mass, should 
rotate faster than any of the i)lanets. ^>nus, which, accor - 
ing to the nebular hypothesis, is younger than the Earth, 
should, consequently, surpass this Ixxly in the rapiditv of its 
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rotation. But it is now admitted the world over and especi- 
ally verified by Schiaparelli's observations, that Venus is prac- 
tically devoid of rotation, turning on its axis only once in every 
anomah'stic period, 224 days. 

This is another rock in the seawav of the nebular theorv 
which cannot be gotten past. According -to this hypothesis, 
we have a right to assume, that tlie same processes which are 
going on in the interior of the Earth, are operating, at least 
in a comparative degree, in Venus also; and if the contraction 
has originated and sustained the Earth's rotation, then Venus 
also ought to rotate, but it does not. 

If we, liowover, should j)ersist in the supposition that Jupi- 
ter's violent rotation is caused by an interior powerful rush 
of matter around its center on account of its e^icantic size, what 
should we then believe and say about the Sun, which is 1000 
thnes larger than Jupiter and in a state of far more intense 
heat, and still it swings around on its axis only once for every 
6c) oi Jupiter's rotations? 

It is clearly evident from fust to last, that contraction or 
condensation has absolutely nothing to do with rotation and 
that the theory, which claims that it has, is without foundation 
in all of its premises. It follows likewise, that tlx* conclusion, 
that the rapid rotation and numerous moons of Jupiter and 
Saturn should prove that the rotation is caused by the con- 
traction and heat of the matter, is erroneous and false. 

l^'urlher on we shall show what the real causes arc for the 
intense* rotation and numerous moons of the mentioned planets, 
and our i)r(^nfs shall be clear and convincing to all. But before 
we do this, other matters claim our attention. Our final obser- 
vation uju)n the subject, so far as it has now been discussed, 
is, that the reason j)Ul forth as to the cause of the rotation of 
the heavenlv bodies, is, to say the least, meaningless. 

§4. t.et us now turn from the discussion of the nebula's 
rotation and its other qualities, which we have touched uix)n, 
and pay attention to another proposition, namely: Is it natur- 
al and rc:asonable to sui)])ose. that such a nebula, as the nebular 
hypothesis proposes, ever existed in reality? We may suppose 
that Ney)tunc is the most distant planet in the solar system, 
^nd the size of the oritri"al nebula was determined by the orbit 
ol this i)lanet. Out of this originally spherical misty mass the 
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Sun and the planets are said to have l)ccn formed. Conse- 
quently the solar system in its present state represents the mat- 
ter which composed the original nebnla. If we, then, should 
find by thonmp^h investigation, that the Sun and the plan- 
ets together contain, say about only half of the matter which 
the original nebula contained, then the theoretical sui)position 
would be a miserable failure. The question is: What was the 
density of the nebular matter? In order to clear this point, we 
must know the size and cubic contents of the nebula and there- 
by its weight ; and then compare this wt'ight with the weight 
of the Sun and the planets together, which is known. 

In the first place, then, it seems proper fc-r us to in(|uire 
whether, if the Sun and planets were dissolved into atoms 
and spread out evenly in a sjvice having a diameter of 3000 
million miks it wnulil constitute a mass dense encnigh io be 
heated by the friction of its own mailer and having depres- 
sions at the poles and ex])ansion at the er|ual«>r. together with 
an immense centrifugal fj^rce, suiVioient to throw (jff rings? 

Francis I*. Leavenworth, professor of ;isironom\ in the I'm" 
versity of Minnes(»ta. told nie, thai nne of his ^^tudenls had 
\v(»rked on this pn.'l.)Km ard figu.red (-nt, that if <!ur snlnr sys- 
tem were dissolved into at^nis and >pr<ad «;ut evenly in a 
comparatively spherical space, filling the orbit nf \eptnne. the^c 
atoms would be hovering about, sepanited from nne ain)iher 
1")V larsfe distances. I'rofessor I.e'ivenworth !iim<t'lf said that 
this was no doubt correct, ^hit if thru is ^o, which it evidently 
is, what, then, beconies of the jitfibnte, which the theorists 
have ascribed to this misty m.'»>>, which wouM be no mist, but 
rarer than high nKuintain air? It t'^Ilows. als*'. that it would 
have neither equator nor poles, neither rMtatiun nor centrifugal 
force, and far less we.uld it throw c-lY any rings! 

\\'e notice at once, that ih-- a^-rnipiinn wiili regard to the 
size of the nebula is just as ^rn neons as we have before found 
the assumption with regard to its ro::iti< n. ]a\ us. however, at. 
this point, consider the lU'bula from ;nif ther ]i<.'iiil of view. 

As a consequence of the a' tributes ascribed to it, such as 
heat, centrifugal force, exp:ind.i-d e<|n;Uitr, and llaitencd ])()Ie«5, 
it ought to have possessed a cun>i«l«'niblc density. Let r.s suj)- 
p<jse, however, that it liad the di-n<ity nf i-iiinn^.on air only, a 
supposition which everv one must admit tn be fair, hi '.'rder 
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to find the weight of its mass, we must find its cubic contents 
and then multiply that by the weight of air, which is 813 
times less than that of water. 

We have already stated, that when the planet Neptune was 
formed, the size of the nebula must have been limited by his 
orbit. Xow, since the diameter of Neptune's orbit is 5528 
million English miles, that must also have been the <lianieter 
of the nebula at that time. It is difficult to determine ac- 
curately the polar depressions, which are said to have Ikxmi 
considerable, as we have alreadv noticed. We have hardlv anv 
reason to suppose, however, that the depression at both i)o]cs 
was greater than one third of the equatorial diameter. But it 
it were possible to sui)pose these depressions to be larger, let 
us, for safety's sake, square oflF the curvature on all sides of 
the nebula and assume its mass to be equal to that contained 
by a cube wIiosl* sides were only 3,500 million miles. This 
figure must then be nuilliplied by itself and the product of 
3,5(X) million in order to find the quantity we seek in cubic 
miles. 

The product which is to be multiplied by 3,500 million we 
find to be 12 (juintillions and 250 quadrillions and this sum 
multiplied by 3,5(x:) million gives 40 octillions, and 875 septill- 
ions, which represents the contents of the nebula in cubic 
miles. 

In order to make this immense number a little more con- 
ceivable, let us remark, that one such cubic mik? contains 254,- 
358,o6i,o56,(XX) cul)ic inches, and that the Earth contains 26cv 
CKX),0(X.),()0() cubic miles, which makes 6() sej)til!ion cubic inches. 
The nebula woulrl, consequently, contain 619 times as many 
cubic miles as the luirth contains cubic inches. 

Now, since air is 815 times lighter than w-ater, and a cubic 
mile of water weighs 410 million tcMis, then a cubic mile of air 
must weigh 815 times less, or 503.067 tons. In order to find 
tlu- weight of ilie nebular ma.ss, we must then multiply its 
numbc-r <}\ cubic miles by 503,067. 

This multiplication brings us to the highest power of nota- 
tion: ji tlccilli<iu nnd nearly =;6k; nonillion tons. The com- 
bined weight (»f the .Sun auil the planets, according to modern 
astronomy, is 2 <x:rillu:!i ami 18 se])tillion tons. Hence the 
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surprising result : The nebula outweighed the whole solar 
system ten million times! 

\\'c are, indeed, forced to admit that such a nebula could 
not possibly have existed, and that the solar system must have 
had a different origin than that accepted by the theory under 
consideration. 

§5. If we should assume the existence of such a misty 
body, rotating rapidly and ])ossessing immense centrifugal 
force, it becomes a matter of imp)rtance to pay i)articular at- 
tention to the peculiar circumstance, that tlie centrifugal force 
separated the equatorial Ix'lt of the mtating sphere in the form 
of colossal rings. 

We have already noticed, that th.e theorists claim as a rea- 
son and law for this peculiarity, that the nebula rotated by 
virtue of the contraction of its matter and that it threw off 
rings whenever the centrifugal force exceeded the centrij)etal, 
or the force tending towards the cciUer. Contraction nr the 
downward pressure, is, as we all know, ^Krcasioned by the force 
of gravity. Now, when a centrifugal force is assumeil, wliich 
overcomes the centripetal or — whicli amounts to the same thing 
— the force of gravity, then the question arises: By what 
means did the nebula rotate during the i)erio(ls when tliat force 
was overcome or neutralized, which according to the first as- 
sumption was the cause of the rotation and the origni and 
support of the centrifugal force? 

Here is torn down with one hand what is built, up with 
the other. If it is claimed, that the centripetal force or the 
consequences thereof, causes the rotation, then it is thereby 
denied that the resulting centrifugal force can neutralize the 
centripetal; for then it would also neutralize- the rotation and 
tlic centrifugal force itself. If, (^n the other hand, it is 
claimed that the centrifugal force can neutralize the centri- 
petal, then the same assertion overthrows the theory about 
the origin of the centrifugal force. 

When we thus find that the hypothesis otTered as an ex- 
planation of the rotation overthrows the hy])othcsis advanced 
as an explanation of the formation of the rings, and, like- 
wise, the Ittttcr to overthrow the former, then it is also evi- 
dent, that the theory, dejiending uj)"n the harnn ny between 
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these hypotheses, finds itself in a dilemma, fn^.m whicli it 
cannot extricate itself. 

§r>. l^'rom the theory that rings were fomied every time 
the centrifugal force overcame the centripetal, it follows, that 
the rotation which created the centrifugal force, was oscillat- 
ing since the centrifugal force itself was varying and irregular. 
When the same theory further advocates that the rotation is 
a result of the contraction which, again, is a result of gravita- 
tion, then the gravitation itself must have heen oscillating, 
that is, increased ami decreased alternately, since all its re- 
sults were oscillating. At tlie san^.e time it is held, that llie 
force of Lifravitv in a certain mass is fixed and unchanueahU'. 
It follows, conse(|uently, that neither the gravity nor the nv 
tati«jn. causi<l by said natunil fierce, could be oscillating, fn.ni 
which follows funlier, ihat the centrifugal f<u-ce neither can 
l)e niir li.'is been osoillatincr. The theorv abrmt the formation 
of ring> is. thus, al-D :il this juiint, absurd in the extreme, 
since ii assumrs said formation to be ])ossil)le, only by sup- 
])(\>ing w variable rolatii'U, due tfj a variable gravitv ^'^i tlio 
nebul.'ir ma>s. 

\\'e hn<], tlms, that what is said in one sentence i«i c<.»n- 
tradictc(l in the next. 

s;7. We have alrrndy shown, that ilie r< nation of a mbu- 
la i^ in<Upend.ent <if tlie cndensatiou of its mailer ami tlu- 
rrsisirmce wilb which tins nu-et>. A new (juestion arises. 
tluM\-f^re, in connection with ibis verv subject, namelv tliis: 
W'oubl it bi.: in liarmony with the laws of nature to supjxisc 
that tlu! centrifugal force, leaving out -u' (juestion how tin- 
n;tati«'n v^ris caused, C"uld have expautletl the e(|uatcjr n[ the 
nrjiula so as to rid it cf tlv-se rings ? 

Lrl u«^ call jKUiicular attt-ntion to ilu- fact, that even if 
the r;i*.ali>in ( = f a heavinly b-dy lie assumed with a S])eed si^ 
tu-mmdotis a^ to sati>ry ',\v\ hyi:othe>i>:-maker, say a thon- 
s.'ind V\\\\c> a second «ir s'.-, there w«'uld evvn then be no ck-lach- 
nunl I'l" n-5;iti(r fidm th<' r. »taiing borly, becrjuse of the l"act. 
tl'.at \\\.' u;:'r.iMl result of such a Totniion W(;uld he an expan- 
>i' 1: ;iin! - 'h'.iion ■. 'f the wholr n'as> im<i a gasrous state with 
r\'iT\ !»;trtir!i .f matlcr cutin^ialiy subjected in an equal 
(kuf ■ ■ t" thr t.in-.ral iivn' nf L^ravity of the rotating mass. 
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It matters not, then, in what way a reaction in the move- 
ment of rotation would be caused. Tlie simultaneous contrac- 
tion of the nebular matter, as the nUation decreased, would, 
in consequence of the fact that the force of jii^ravity acted 
alike upon every component part of the gaseous body, be the 
same for every part and particle, and proportional to the 
weakening of the centrifugal force. 

In a heavenly body, the centripetal force is its spirit of 
gravity and its power of cohesion. The cetitrifuj^al force, on 
the other hand, is a mechanical result of the rotation (^f the 
same boily. Jrlence, since the first is the cause or j^rouiid of 
the second, it follows, that the second cannot suspend the first 
either for a short or a lonj;er period. To say that the ceutrifu- 
tifal force, under these conditions. w')ul<l be able to throw off 
rin^s from the nebula, is identical with sayint^ that a man 
could stretch out his arm with such force that it would be 
severed from his body. In ])()\[\ cases, tlu* fact is overlooked, 
that the mecha!iical and outward workini^ ])ower is (le]KMidi'nt 
cm the body's ])Ower of cohesion. 

Hut even if, at this j)oint, we woidd clo^^e r)ur eyes to the 
fact that a maj^netic attraction cannot be sus])ende(l or re- 
«Iucul by a mechanical p.ower. we nnist at least admit, ihat 
the iniluence of the centrifu<:;al force in t'.ie interior of the 
Earth, where it ojx. rates at^ain.st tlu- ctiiiripetal force, cannot 
be subjected to experiments or artificial jjreventations. Its in- 
thience cannot be demonstrated in any otiier way than to ])re- 
sent it as co-ope rat injij with the centripetal force, which is im- 
possible since everytb.ini:;; on tlu- earth's surface i>^ dependent on 
t!ie earth's attracti<:n. fnin which fnllows tb.at an artificial 
center of gravity, as a condition for the centrij)etal force, can- 
not be made. 

It is said that physicists have demonstriited l)y means of 
experiments, that a rotatinj^ nebula mu>t develop and throw off 
rin<^s, and hence that the assumptinn accejjted and defeinU'd by 
the believers in tlie nebular theory is in acc';rdance with the 
laws of nature. Xow this nascMu'iic;- is not (piite >ci<.'ntifu\ 
Any one, and cs])ccially a j)hilMsoj)luT. (.nuln 10 understand, 
that a demonstration of that kind demaiuls that >ncli an artifi- 
ciallv constructed nebula must j^osse-^ a center < f L^ravitx and 
centripetal force in order U) indii\'ite ])y its rotation and cen- 
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trifiigal mechanism the real nature and qualities of a cosmic 
nebula. 

When these theorists, nevertheless, claim that they can 
demonstrate the nature and centrifugal force of a real nebula 
by means of an artificial nebula, which lacks centrii)etal force 
and cohesive power, then we are forced to shake our heads: the 
whot device is overwhelmin<;ly ridiculous. 

§8. It is evident that Laplace thought of Saturn's v'm^s 
in developinti; his theory about the solar system. He loiiki:(t 
upon these rinj^^s as equatorial formations caused by the con- 
trifuji^al force and on the way to make a moon or m(x:;ns. and 
also that the alreadv exist injr mf;ons of this svstem had been 
fonned in the satne manner from rin«^s thrown ofT lon«^ a^^i. 
lie believes, thus, that the planets lliemselves had at some dis- 
tant time been formed from rinj^^s o.f a nebula: and that Saturn 
tells, as it were, the story of the creati«>n of the solar system. 

Since this planet played so important a part in I^'ijdace's in- 
vestip^ati<ins, as well as in the speculations of the adherenis and 
defenders of his theory, it may be well to take up that mailer 
in particular rij^ht here and investi^^ate it a little closer. 

We notice, then, first ot all, that no other explanation ot 
the origin of Saturn's rin^s. except the one offered by the 
nebular theory has been generally accepted. ' Further, that if 
some other explanation can be made acceptable, that will also 
necessitate some other explanation of the origin of Saturn's 
m(H)ns. and likewise »jf the planets, the residt of which will be 
the overthrow of the ririginal theory also at this point. 

If a nebula be imagined to throw olT rings by virtue of the 
centrifugal force, then the breadth and thickness of the rings 
must stan<l in a certain relation to the size of the nebula. If 
we. tluii. think of the original nebula, we understand at once, 
that its rings nuisl have sloocl in somewhat the same relation 
to it. as for example, the rings of Saturn stand to Saturn. 
\\'h;\{ \> thai relation? 

Saturn's diamvler has bren f<iund to be 76,000 miles, anrl 
llu- total widih -if thi- rings together with the distances be- 
tween tlK-ni, ^^/,i^ii<^ miles. The thickness of the rings is very 
sni.ill and i> >u]ij'osed to be fri ni 50 to io(3 miles. It is pos- 
sible ilial tnev ar<- nmeli lliicker, bnl let us sav that their 
IhickiK-sv 1^ ( iilv fift\ iiiiK's. Xow, if we divide the diameter 
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of the plant by the thickness of the rin^s, wo fnul that the hitler 
is 1/1520 of the former. I'^urther, since we have found tlie 
equatorial diameter of the nehuhi to liave been 5,528,ocx),ckk), 
miles, it follows that the rin^ nut of which Neptune was 
formed must h.ave had a thickness c«)rres]K)ndinj^ to at least 
1/1520 of 3,528,000,000. which is 3/>36,84J miles or 
alx:)ut four times the diameter of the Sun. The 
breadth of Saturn's riiij^^s is ycx^ times their thickness, 
but since there are <listanccs between them, let us 
subtract a ^ood round sum, so far as the nebula is concerned, 
and say that the breadth of its rinj^s was i)nly hk:) times its 
thickness. If we then multiply 3,6V>.84J by kk) we t^et 363. - 
648,200, which indicates in miles the breadth nf the ring^. If 
we further nmltiply its breadth by its thickness and the pro- 
duct of this by 17 billion miles, which is the lenj^th of the 
Xeptunean orbit, we <2^et its conl<.-ius. which amounts to more 
than 22 septillion cubic miles. 'rhu> we tind, that this rin<i 
would contain matter enoup^h to form 5(),(XK) solar system 
like ours. And still wc have \\>v(\ very conservative t'ij.(ures 
and assumed its matter to be no denser than air. 

It is evident, therefore, that the planet Xeptune cannot 
have been fonned out of >uch a rint^ or "ut of a rinj^; of sucn 
a nebula. This, then, indicates annther iiri<;in of Xeptune, than 
that proiK.)sed by the nebular hyiK)thesis, and another orii^in of 
the other planets also. 

Thus it is plain, at this point too. tliat planets are not made 
of rings. Furthermore, we understand, that the rin^^s of Sai- 
urn serve some other j)ur])ose than tn make moons, and that 
these have an origin independent of that of the planets. 

This must \yc said in favnr (f Lai)lace, however, that if the 
solar system had been explored to the same extent in his lime 
as it is now, liis theory would very likely never liave a])]U'are(l 
in the form in which it is here jiresenled. lUit less can be said 
in favor of the modern adv«.icales t)\ the thenrv, especiallv after 
the discovery of Xeptune one tluusand million miles farlher 
out than Uranus. John P'iske has «n)ne even >o far. that be- 
fore the moons of Mars were disc«)vere(l, he tried to explain, m 
the light of the nebular theor\ . wli\ Mar> had no niDons. After 
the discoverv of the nnsons of Mar-. * 1. 1 1. 1 )ar\\iii lia.> tried to 
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(Icmonstrale, by llu- slrcnn;th of tlic same thcury, why Mars 
lias tzi'o ni(X)iis. 

There are many otlier ihinj^-s that could be broiij^ht against 
the nebuhir theory, fi^r instance, the question about the origin 
of the comets, which it cannot answer; but since we have al- 
ready shown its unlenablencss, we caimot gain anything by 
further argumentation against it. We may add, however, tliat 
wliat we have said so fa'r, will apjjear much clearer and be more 
easily understood as we go on with the explanation of the real 
causes which have ])ro(luced the natural ])henomena, which, as 
we have shown, hitherto have been so totallv misundcrst<.K^<l. 

(To be Continued.) 



HE BARABOO IRON ORE. 

By N. H. Winch Ki.L, MinnfaiM^lis. 

(')ne of the ui i.al^le publ'-citions nhiling to the in:n oi\ - «-f 
the Northwest is thai of IV. W'eirhnan, of the Wiscusin 
.-urvey, k;lcl\- issu«d by ih.e Slate of W'i^cMisin.* Accnrdini; to 
l!ie rei)o;"i :Iii< ip'ii ' re o-cnrs in llu- "])re-Caml)?'i:in." in 
whicli an- iiich:«l'«l rhvnlvie, uranil;' :uul dic»rvli', ciccurr::iL!" 
in isi:laterl i'UUTop>, th.ese all being Cnusidered ])arts <f Oie 
\rcheaii. Tilt' r'i\Mlyte is a very liaril, pinkish red rock which 
\< UMv:!!;. nv.wi alliv :\! Jind breaks iMuU-r a stroke (jf l!ie b..:i:n-. 
nil V with ^harp c- inch'-.idal fracir.rr.s. It contains nunie'^nij- 
crv>t!K '.f iMuki^h fdtlspar anil translucent ciuariz, wliich are 
inibrdikd in a vi.ry i:ne matrix er groinul mass. It fnictr.res 
-i'nu-li:'us n.itnrally i:i rdl (lirccti"n>. S'j that it a]^pL-ar> .'ibcut 
tin- i'Utcn'p> in the '\'V\\\ of ninllitndvs f.f small angular i)ieces. 
It i-- fricpKMitly N-eiiud by (inarlz. It i.^ clcscribed by Dr. W.-id- 
VYAW i\> haxing ]'.<rn a ^v.!*f::ce «r vulcanic igneous rock, its 
gn i'.ndM;M.->> ivpri. -. n:irM ih^. -la.-.-y piirt of the igU'/ous llow, 
Cfinjc'd 1i:m «iiiii*l-!V ti? b-T= !i (■ iiui'"e!v cr\ stallize<l. It is dis- 
ci'Vir^d niicroM;! |iicall\ tly.: •1\' iTy>l:ils of (juartz and M 
\ !■!. ]■:■.'■ i''»!i!ai:M- 1 in !l;'> rl';i\\h h.ivc s<inietimes l)een brf- 
k.:<. riTid lh::l lieiw^v:' l^^- ]i:irt> iImis funned the viscous 
m..L;n'.;i h:i> ll«'\\rd. In 'tkir ca-e^^ iluse crystals arc bent. 
Tl:- -■■ i'i-'.' n^'.v.-^ :\vr ■a-^>'\.:v.: ^ to a diit^- i)rior to the solidit'.ca- 

* • T'.ii- Min-.UiiMi Ir.ifi iJi .■riti;^ l»i».tii. I •■* Wisconsin." Sauitkl Wi II-man. 
Wi^cnu^J!, fii:}}f;^'\,}I urn/ \:tiur:tl lti>ioi\ Survey. riullL'tiii No. IJt, Mudisoii. 
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tion of the nxk, and are features well known in the red 
quartz porphyries of the Kcweenawan. The rock also shows 
fluxion, poikilitic and spherulitic structures. Certain gray 
sericitic schists that occur between this rhvolvte and the overlv- 
ing quartzyte or conglomerate arc supposed to be a part of the 
rhyolytc rendered schistose and sericitic by dynamic pressure 
and crushing, although the zone occui)ied by these schists is 
s^nnetimes 150 or 200 feet wide, and "may in places contain 
seme sedimentary rock." In the same manner an arkose-like 
schistose zone lies between the granite and the (|uartzyte that 
overlies, and is th<mght to be due to alteration of the granite by 
<lynamic pressure. A ([uestion might arise, whether, in the 
light of the auth.or's descriptions, tin- dioryte should be consivl- 
red a different n»ck from the granite. These igneous rocks 
are considered the basement lloor <a\ which, with a structural 
non-con fonnity, the (juartzyte and its basal conglomerate were 
deposited. 

The IJaraboo series com])rises three parts: ( 1 ) the P.araboo 
quartzyte fonnation. consisting niainly ni <|uartzyte but con- 
taining also a small amount of conglomerate at its base, (2) 
the Seeley slate formation, consisting of a (juite unift)rm gray 
clay slate, and (3) the I'reednm formation, consisting <if two 
members, a lower, of iron ore, ferruginous slates, ferruginous 
dolcMTiyte and ferruginous chert, and an upi)er, of dolomyte. 

The first mentioned of thev<e ( P»araboo ([uartzyte) is well 
known, having been described several times by different geolo- 
gists. It is unquestionably a very wides|)read formati(^n, ex- 
tending into northern Wisconsin, into Minnesota and to 
northwestern Iowa. It has been styled I>arron County (|uartz- 
yte, New Ulm quartzyte and Sioux (piartzyte. It is in several 
places accompanied by red slate, hardened and semi-metamor- 
phosed, making the well-known catlinyte in Pipestone county. 
Minnesota. It was first named by Dr. ('. A. White, Sioux 
quartzyte, from its outcrops in northwestern Iowa. The 
catlinyte beds of Pipestone coutity in Minnesota and of l>ar- 
ron county, Wis., are perhai)s represented at r>araboi) bv the 
more clayey and schistose beds enclosed in the ([uarizyte, now- 
converted to a schist, as described by Dr. Weidman, by shear 
and differential movemeiU incideiu to tjie uplifting of the 
quartzyte ranges. Near Ablemain's such uplifting so fractured 
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the (juartzyte that on ^concentration by white quartz ii pre- 
sents the composition and structure of Reibungs breccia. In 
general this cjuartzytc is cemented by '*interstitiar' quartz, and 
small amounts of iron oxide, chlorite and sericite. 

The conglomerate underlying the quartzyte is essentially 
composed, even where it lies on or near the granite, of rolled 
and angular pieces of the rhyolyte, i. e., it is a quarts porphyry 
conglomerate indistinguishable from the red conglomerates of 
the Keweenawan. It contains, however, a little black slaio. 
some pebbles of greenstone anrl some of ferruginous chert 
rocks, in that respect resembling the conglomerate underlying:: 
the Xew rim ([uartzyte of Minnesota. 

The so-called "intra-fonnational" conglomerate beds situ- 
ated on or in the qurtzyte, should not [KThaps receive that des- 
ignati(jn since after carefid examination microscopically l)v 
Dr. W'eidman tliey do not contain any pebbles of the imderh- 
ing i>araboo (juartzyte, btit consist of "pebbles of chert contain- 
ing considerable inm oxide and also a few pebbles of slate, btit 
mainlv of jx-bbles of vein quartz or of (piartzyte like the l\il> 
Hill (|uartzyte in north central Wisconsin.** Such coarse frag- 
mental material, entirely f(»reign to the (juartzyte underlying 
and (jverlying, indicates the sudden occurrence of i^werfiil 
transporting currents in the rx^ean which ordinarily de]^")silcd 
the fine-grained (juartzyte. What may have been the cause c^f 
such i)owerful currents the author d<:>es not enquire, but it has 
a suggestive relation to the Keweenawan. What may have 
been the source of the "ferruginous chert," w-hich we suppose 
is the same rock as that term expresses in other publications 
by the Wisconsin geologists, the author does not inquire, but 
it has an impr-rtant bearing on the age of the (piartzyte in 
which these pebbles exist. 

Dr. Weidman has made a very imi)ortant contribution to 
geology in establishing the structural relaticjns of the quartz- 
yte to the rhyolyte and the granite of the <listnct. Very diflfer- 
ent conceptions of these relations had been published bv dif- 
ferent geolfjgi:.is of the Wisconsin survev. Dr. Wei<1man 
slunvs by a mass of detailed field observations that the quartz- 
yte U yoimger instead of oUUt than the cjitartz porphyr}', that 
th'.* sirucimc of the ngion, instead of being monoclinal as 
thon.uhi by Irving and by Chamberlin, or anticlinal as conceiv- 
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ed bv Salisbury and Atwcxxl, is svncliiial and the thickness of 
the formation less than half as much as calculated by the other 
g^eologists. The writer has a personal satisfaction in this re- 
sult, since, in several general discussions of the geology of the 
Northwest he has compared the r>aral)Oo region with thoi 
geology of Minnesota and has insisted that the ]nirab(X> 
quartzyte is later in date than the Keweenawan (piartz porjihy- 
ries and later than the Aniniikie iron ore, on the ground that 
its Minnesota representatives are fouiul unipiestionably to oc- 
cupy such a stratigraphic jxjsition. I'rom several calculations 
the author derives an average rtsult for the thickness of the 
Rarahoo quartzyte, viz: between 4000 and 3c>X) feet, without 
allowing for any faulting. This result is ])robably too high, 
since it is not likely that there is an absence of sucli move- 
ments, (^r even of profoimd faulting, such as would cause an 
elongation of the surface ex]i<jsure and hence an elongation (.►f 
the hypotenuse of the triangle of dij). Probably these fig- 
ures, reduced fifty jxt cent. wouM n^.jre nearly e\i)ress the 
actual thickness. 

Above the quartzyte is the Scek\v slate, wliich is known 
only by imdergr(.)und exploration, having no siu'face outcroj)S. 
By mining operations and drilling it i> traceable along tlie 
north side of the smith (juartzyte range a distance of six or 
seven miles. It is gray, cleaved somewhat like roofing slate*-, 
and so soft that it can trenerallv be whittled witli a knife. It 
is a sedimentary nick and it^ ])etrograpliic (k'Scri])tion an<l 
composition indicate that it is not frer fnnn volcanic elrnient>. 
Indeed, its reference lar«>;<.'l\, <tr wholh. to the at'cncN "f 
ignecais action, a scdimented volcanic ash cniaining nmiv <.r 
less of other detritus, would bt- in keeping with tlir characters 
given to it by Dr. W'cirlman. In that case it i> a rotted igncus 
ash modified by sedimentary ik'nu-nts. lin- I'.-.ci I'li.!! it .-hows 
comnujnly a well devel«.]^c«l diai^MiKiI .sl:it\ cuavai^e implies 
differential presstire and >lu'aring ii' i-if 1"' i-T,iaii< n, ^nch as 
wotdd materiallv affect anv caK-nLiti" n '..' it-^ ;h'.Ki:.s> nnkss 
it be ahowed for, as above ^ugL^oic-l !'>r \\'a <|r.;iri/; le. The 
thickness of this s«il"t >hal\ slatf i- i ';!■■•''! iiv !!;■.• n-'ili- r at ^oo 
to 1000 feet, but it may be v*. .n-i-jMali'v p.i-.ri. a- nulx- ihe 
roughest estimates can 1m n:;i(le. hi M ien; ■...:; 1 iirv sjaie. nr 
what lies above the i^real (jiiait/) ■..:. i-. W'!: kd >wn. li;iving 
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been penetrated by a lar^e number of deep wells, and having 
develo])ed a thickness of nearly 2000 feet. It varies from 
gray (or greenish) to red, Init its products under the action 
of a common drill always appear red. The earliest published 
acccnnU of this formation is to be found in the second annual 
report of the Minnesota survey, where it was described in the 
record of the r>elle iMaine salt well, where it was penetrated 
about 500 feet. Subsequently it has been encountered in every 
deep well sunk in this part o{ the state. It is spread out hori- 
zontally over a large area in Minnesota. It is somewhat in- 
terstratified with (piartzyte downwardly and with sandstone 
ui)wardly, fading out in both directions by changing to such 
rocks. It extends to Sioux Falls in S. Dakota where it colors 
the till locally, being charged with iron oxide. It is incntioncd 
in all the Minnesota reports that relate to this stratigraphic 
horizon. 

The I'Veedom f(.»rmaiion, which is the iron-bearing member, 
"consists of a variety of rock, including slate, chert, dolomyte, 
and iron ore and all gradational phases between those kinds ^if 
rock." Tht' dolomNle is sai<l to be the most abuncUmt of these 
varieties, and alone to compose the upper part of tlic I'Veetlom 
formation. Its thickness is 500 feet, Init was ])robably at first 
much more than 50C) feet. In Minnesota this hori- 
z(jn has not been distinguished, but the whole shaly mass 
above the (piartzyte has l)een consideretl essentially as one 
formation. So far as known no dolomvte has been discovered, 
Inn in only three instances have drill cores, or drillings been ex- 
amined with care, and those jxTtained to the upper portions 
of the member, viz : the Belle Plaine Salt well, the Mankato 
deep well and the (ilencoe well. The deep well at the Lakc- 
wockI Cemetary, at ^linneapolis.'^ was sunk into the Secley gray 
slate alK)Ut 33 feet. The East ]\rinneapolis deep w-ell and the 
Mankato deej) well were, limited to the upper portion of the 
Freedom formation. The Glencoe deep wt^ll passed through 
315 feet of red quartzyte below the Hinckley sandstone and 
the lM>n(l du Lac red sandstone, and again entered a red .shale, 
in which the well stoi)i)ed after penetrating it 230 feet.t This 
f|uartzyte is su]>posed to be the representative of the New Ulm 

* Finut Rejiort of the Minnesota GeologicHi Survey, vol. ii, pp. 182-186. 
i AHus Volume of the Fitml Report, Siinnesota. Survey* pt Ate zxzvii. Mc- 
Leod county. 
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quartzyte which appears on tlic Minnesota river a few miles 
south of Glencoe, which has l^en without excej)tion paral- 
lelize<l with the Baralx^o (|uartzyte. but it may Ik* a ([uartzyte 
stratimi separated from tlw main quartzyte ])y a stratum of 
red shale. In several cases such interstratified shale beds have 
been observed. The pipestone, or catlinyte, layer at IMix*- 
stone, Minnesota, is a familiar instance. ln(lee<l. the New 
Ulm (juartzyte itself is rather shaly than quartzilic in its lower 
layers and the red color is to a larj^jv extent, a suj)erficial 
feature. The outcrop of the underlying conji^domerate is so far 
removed from the quartzyte outcrop that intervening:^ room 
exists for a p^reat thickness of shale or shaly (|uartzyte. 

The iron ore of the formation (hematite and siderite) is 
soinewhat different from all the iron ore (leiH)sits of the lake 
Superior rej^ion in its mineralogical ass<viations. The chief of 
these differences consists in the presence of a larg"e amount of 
dolomite. This carlxwiate develoi)s int»> imi)ortaiU strata 
which, being crystalline, are denominated marble. Much of it 
is affected by the presence of iron, and sometimes by manga- 
nese. The general tenn ftTrodolomite is usually api>licable. 
The iron ore grades into this r<K:k. and also into ferruginous 
chert, and into ferruginous slate by insensible changes, re- 
sembling in all resi)ects the gradations seen in sedimentary 
rock from one to another. The workable ore occurs at different 
horizons, the deposits being conformable with the strata, vary- 
mg from thirty feet thick tr> t.wo hundred fcrt, in the form of 
more or less elongated lenses. The author remarks that this 
ore dejK)sit has more similarity to the ores of |>ost-Cambrian, 
such as the Clinton ore, than any of the known ores of the 
lake Superior region. Still., notwithstanding these ditTerences, 
there are greater bonds of alliance with tlie oilier ores of the 
lake Suf)erior region by reas(»n of wiiicli this ore can be class- 
ed, with strict propriety, with the well known ore^ of the 
Xorthvvest. The chief difference, alxwe n<»t<'(i, is om- furtlivr- 
more that does not always obtain, for in tlie eastern end of 
the Mesabi iron range the iron horizon i-^ accompanied by a 
deposit of ferro-dolomite or dojomitic siderite which constitutes 
a noteworthv stratum in the base of the Animikie,* and its 
origin and significance have been (iiscusse<l by the writer. 

.• Finmt Report of the Minnesota Geological Survey, pp. mi.'. r>3s, «)97. 
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In Minncsfrta tliis fcrroddlomvle as a rock mass is more ncarlv 
a (lolomilic sidcTyte. 

The author fully considers the subject of underji^^round 
water anil its a.q^ency as a possil^le producer of th.is ore. as lias 
been urji^^'d for the other ores <»f the lake Su|xTior rejz:i<»n. T'y 
the stej)s of si'.cli investigation such origination is excluded, 
because, (i) the minerals in solution in the underj^round 
waters are not noticeably different fn.mi those in sf>lution in 
surface waters; (2) the minerals dej)osited in the overlyinp^ 
sandstr:ne are not iron but silica and lime, the latter in small 
amount; (.31 river waters often hold in sohuic.^n iron in j^rcalcr 
(fuanlilv tli:\n is nrnv contained in the underirroiund water of 
tl]e Darab- di.-irict ; (a) the in>n in underp^rountl wnters i- 
held in solutiiMi until the waters are exposed to the oxidiziniL^ 
acli'iu •;! tlu- atm'i.NpluTe at the mouths of sprinj^s; or by the 
acli':n <«( irt-n bacteria; (S» the in^n (jf the formation wa*^ do- 
jii.:>ited ];rior to the formation of the numerous (juartz vein< 
tint penetrate the hc(U, i. e. ])rior to the upheaval and tiltin.q' 
tlial frnctured tlie strata: U>) ilu'.^e veins are (pianz, with 
very ^niall amj-rnts «;f lime and r.f iron sulphirle, and they 
must have lieen firmeil by underj^round waters: (7) the rela- 
tions (if t!ie ore to the contain in ijf rocks in evervwav indicate 
that tlu- i.'re criminated cotemj) irary with the depositi-.n di 
the n^cks a^ sediments. 

A^ tM the Mri*;dn (;f the ore tl'.e author states that In* Iv;-- 
litves '.b.at it ^v.•!N •rii^dnaliy a deptssit of ferric hydrate, or 
li!n<.'nitv. firmed in c«'mp:iraliv<'ly stai^nant and shallow water. 
under c< luliti' n^ similar to those existini^" when bo,q" or lake 
ore^ :\\\' b«.in?4- h rnu d to-day. and that such ore has been 
altered by 'u;it ar.d pressure t<j hematite. He also believes that 
orcfanisms played an important part in the formation of the 
strata of hen?a:ite. as well as of the strata of dolomyte and 
chert — that t:' », alilv.-Ui^h he cmsiilers the associated nK^ks a? 
a jjart of the Archenn 1 K<>wer Keewatin). It is the first sujj- 
<:]:e^ti«ui of ividiiice '»f ori^anic life in the Archeaii. cxceptin.q: 
only the 10 z<^ 11 canadense wlu»se organic nature is quite gen- 
erally 'liscredited ai the present time, and whose statif^^raphic 
l)<.'siti<'n may be considerably hi.i:;her than the I-o\ver Kcewa- 
tin, and perhajjs <'\ the Lower Cambrian. The author believes 
that tl:e sb.allnw waters were subject to alternating changes 
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of depth and physical surroundinj^s, and thai I lie wators held 
considcrahlo iron in solution derived tn~)m iron-hearint:^ vccks 
of adjacent land areas, lie states in detail the evidence sup- 
portinj:i[- this hypothesis. But few j^aYilopsts will qiiestinn his 
inteqirotatinn of the evidence. The idea that the iron <ires of 
the lake Sn])cricr rej:;^ion have resulted from the nielrisoniatic 
alteration of a "clierty carhonate" on a i^rand scale, su^i^ested 
by Irvinir. lincjers in certain (piarters to this day. Indeed it is 
the fundamental conception held hv the I'nited states t.'^enlu- 
f^^ists who have lahnrcd in llie Lake Sujierior r<.'{:^ion. altli<ui£^h. 
frnni the ftjrce of the evidence, m<:re lately the presence ni a 
"irrecn silicate.-" in the (^riijinal mck has hern reci.LMiizfd as 
an im])«Ttant Miurce of much ni the ore. That tlu- imn now 
pres*.nt in the nx'ks had its origin in sedinuntauon. and dates 
f r»m the formati(ni of ilu- n;cks tlknix-lves, and h:.- simjily 
suikrt-d transformation oi its cliemical CMni])ositiMn. result ini:!; 
in liitTcrent iron minerals, i-^ hecomiwt: w.t.w and inorr widciv 
proven. Thi^ ])nrcess is <.ne of metaniorjihisni, dur tn i"u* same 
iorce'=i that have convt-ru-d many n-cks fr* ni ;i <late nf sinijile 
sedinu ntary strata into ^chi.sis anil i;nei<'N(S. Tlie elt':i:c:ns 
were all < or esseniiall>' all) present at lir>t. Thi'v lia\c taken 
on new forms of chvmical c«'nd>inali<:n. and have been locallv 
coivccntrated. The writu' i^ eiuirely in ai-eord with i)i . \\< id- 
man in this explanation. The auih<ir w.-uM liavi' h'ind t!iis 
thoo:ry applied to the iron ores «if Minnrsi ta 1»\ il\* ^vrilrr 
thirteen years a^o ( tho'Ui>h with .^canl rrc-jL^nition <ii' ih.e 
a-i^a-ncy of decaying orc:ranic matter) had he cousuhed llullelin 
Xo. () ui tlie Minnesr;ta (Irolooical Suvvi-y, j)p. lo^^-iii/-- [f 
there he any ditTcrence hetw^-n the auth.^r's and tin- writer's 
views it is in relation to tlu: environnr/nt of the >rdimrntarv 
action. The author seems to require- rpu'et, shallow water, 
subject to slight, alternating^ fluctuations of level, hut a steadily 
sinking sea l)ottoni. the inm sfilution in tlu- waiir drrivrd 
fn^m adjacent land areas. Kather the writer maintainrrl that 
the .<ea was hot, incapable (»f sui)porting organic hiings, and 
that the ferric hydrate was a clu'un'cal sediment. With later 
observation it has become a])i)arent that hot. waters shade-d olT 
into tepid waters, and that cheinie-al s<-dimcnt was widelv 
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ming^led with detrital sediment, thus warranting the assump- 
tion of the action of orgcinic af^encies and the fj^eneral cotem- 
porary prevalence of ordinary detrital se(Hmentation at other 
l>oints. The writer helieves that all the facts that have been 
l)rouj2:ht to liglu l)earing on the orif^in of the lake Superior 
ores warrant the conclusion that these ores in their first con- 
dition resulted from the chemical action of oceanic waters on 
volcanic nxks, and that they were cotem|)orary, from the old- 
est to the youngest, with ejxxrhs of unwonted volcanic ac- 
tivity. The discussion of this view as to the older iron ranges 
has been j)resented, in an incom])lete manner, in voliune five of 
the final report of the Minnesota survey, and earlier in Bulletin 
No. 6 of the same survey. 

Referring to that rejx>rt for reasons for this belief, it may 
be well to consider reasons for assuming that the Baraboo 
ore should be assigned to a similar volcanic epoch. 

1. In the final discus-sion of the Keweenawan igneous 
rocks the writer divided xhtnw into two gjeat divisions, to 
which he gave the names Cabotian and Manitou, the former 
being the older. The Cabotian contains the gabbro and anor- 
thosytes, the so-called red-rocks, i. c., the red quartz ix>rphy- 
ries, the red granites and the felsytes, and niunerous red-rock 
surface lavas. In the Calxnian are also many important basic 
lava flow rocks now nuich rotted. In the Manitou are onlv 
basic lavas and alternatmg sandstones and shales, with rare 
conglomerates, the lavas gradually fading out and giving place 
to a fomiation of great thickness, of shale and shaly sandstone. 

2. In the course of about 15 years of study and field 
examination in the Archean and Taconic rocks of the lake 
Superior region the writer has foimd no red quartz porphyr)* 
lx?low the base of the Animikie. It seems to be confined to the 
Keweenawan. It is true that in Wisconsin are several isolated 
knobs of quartz i>oq)hyr}' that liave been assigned to the Arche- 
an. but there is no evickiice whatever that they are not co- 
temix)rary with similar knobs further north that are well 
known to belong to the Kecweenawan. 

3. The writer has shown conclusively that the conglom- 
erate lying at the l>ase of the Xew I'lm quartzyte is of later 
date than the Animikie and hence later tlian the M*esabi ore. He 
accepts the unanimous assumption that the Baraboo quartz}'te. 
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the Sioux quartzyte and tlie Barron County (juartzyie are all 
on practically the same stratigraphic horizon, and the same 
horizon as the Xew I'lm quartzyte. 

4. Hence the ESarahoo iron ore is later than the Animikie, 
and the Baraboo conglomerate and <|uarlzyte are the setlimen- 
tary equivalents of the Puckwunge conglmuerate and iiuart- 
zytc. 

5. Therefore the l>aralxx) iron ore being later than the 
red rhyolyte is in the proper stratigraphic place l(^ he colempor- 
ary with the Manitou igni^^)us epoch of the Keweenawan, 
and was accumulated under conditions that were identical with 
those shown by the writer to have prevailed when the ores oX 
the Vermilion range and of the Mesabi range were dei)osited. 

The writer has descrilx'd the Puckwunge conglomerate as 
the fragmental base of the Manitou ejxx'h of the Keweenawan. 
and non-confonnable on the C'alujtian, and also non-conforma- 
ble (owing to subsidence of the lake Siij)erior region) on sev- 
eral older formations. The sub>i(knce which was later and 
is well known as the cause of such nun-conf<»rniity r.i the 
Upper Cambrian on older foniiations (even on Archean) 
seems to have lK*gun far back in the Keweenawan and to 
have i>roduced a progressive non-ct^nforniity ^^i tlie Maniion 
rcxrks (or their ass<x'iated fragmenlals ) «in the still ol<i».T rock^. 

The author of this volume has made an important contri- 
bution to the question of the origin of iron ore. in showing that 
the Baraboo iron was not the ])rorluct of nietasoniatic alteration 
of other rocks bv the agene\ of imdi'rj/nniihl water, and heme. 
owing to the common links that himl it with the ore of <ither 
iron ranges, that prolxibly none of the lake Stiperior or<s wirr 
due to any important dvgree, to the action of nn<leri;ronn<l 
waters. Still such waters havi.- ]>la\(il <!' nhile^^ ;in important 
j)art in changing the ore from on«* mineral ion«lit>i'n to an- 
other, and [)erhaps to <ome extent in tian^poiiim; ii ;m<l i-on 
centrating it in certain >trata u'lMr heat an^I |»!(--m<- havi- 
co-ojxTated to produce ery>ialh.n<- luiratiir. ) In- autlp-r i^ to 
Ix* congrattilated fcr the iliori-UL,''' ai,<i iii.l« j • n^i' nt ni.miKi oi 
this investigation. 

It would have heui a f"^:^.l:a^■ '\uv j ii in ii.i-l Im'-m ••<)na!l\ 

indei>endcnt and thornr.^ii 1- .t — :-i:'!r;' 1 ;-.• I'.aral n t-. \\^ 

stratigraphic place. !!•. i;a- '■ Ma!.\«!\ j.-i; :t ^omcwii* r*- in 
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tin* Arcliean, aTnniijrst the rocks that hold the ores near .\rar- 
qiu'ttc, 1)111 it is i)lain that, if tht" forc^^oing- exhibit of the 
stratit^raphic relations of the riaralx)o rocks he correct, tnc 
IJarahoo ore is chronologically alxnit equivalent to the Maniton 
ej)och o\ the Keweenawan. 

in conclusion attention may he called to a fcjmier sta--.- 
nient by the writer of facts that indicate that the ([uartzyte at 
the falls of Pokegania on the upper Mississippi is ni(;re recent 
than snme ])arts of ihe Keweenawan, and that hence it does not 
])a-s helow th.e Mesahi iron ore. hut may be the erjuivaleiu -m' 
the I'uckwunge c«)nglonierate and quartzyte. There has ne\ir 
l)een any demciustralion of the age of this (piartzyte. It i.- 
known t<:) lie on the granite of the Giant's range but the age «"if 
the (liant's ranc^e of granite is, according to H. V. Wincliol! 
and Prof. C K. Leith. later than the Animikie. The age of 
the (7iiant's range granite has j^rctty generally been accepted as 
l)re- Animikie. and hence Archean. Of course if it be later 
than the Animikie it will j;arallelize with the granite associat- 
ed with the gabbrr«, and the age of the ores of the !Mesa])l 
range, in its western ])art at least, would conic into (piestion. 

At tlii> jioinl thv facts referred to above are aj'jropos. 
They are ])ul)lis!ied in VMlnme 5, of the Minnesota final report. 
]). o<)j. In making a final micnscupical examination of some of 
the slidi's it wa.> found that the conglomeratic ]")ortions r>f the 
I'okcgai^ia (juarlzUe which passes below the ore at Prairie 
Kiv< r falls linld a few ])ebbles and fragments of rock that can 
l.»e derivid 'Mily frdm s'lne parl> •'!' the Kt-weenawan, and that 
hence M iiu- ]j::rl of the iron ore of the Mcsabi range, as des- 
cribed and mapped, is later than ilie Animikie and later than 
Some \.:\v\ el tlie Keweinawan. It is a remarkable fact also 
th:ii t:K- nvk- Tl*.ai over li is the ore rnul the quartzyte, in the 
viciniiy .f the Diam-ind mine, easi of Tokegama falls, is a red. 
s^'fi. uiKior^ >hale uiulistingui^hable from the shales of the 
Kewemawaii that are well kniAvn. 

ii l.Micr anpear> ])robabie that ihe stratigraphic relations of 
son;e "f ii.f ir-.Mi '•vr dejj' -il-^ i^\ ihe lake Su})erior region are 
no; \\t!' niii!er-iM«d :nid need tti be re-considered. Taking 
tng..ih(r il;'." f.-'ci- abiui T* keg;nna falls and the new dcvelop- 
nn'ii:- a; i '.;».;-:» b. :•■ ii >^eim> I" lie preiiy certain that there is an 
ore li(-rizo'i in the Keweenawan alx»ut on the clironological 
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horizon of the igneous rocks of the Manitoii epoch. It is ix)s- 
siblc that the next lower iron ore is siinihirly related to the 
Cabotian, tlie oldest ii^^neons n>cks of the Keweciiawan. It 
would he no abnonnal fact that the hij^hly ferrui^im^us shales 
of the Keweenawaii should be found to afford in s^nie places 
so concentrated a condition of their contained heniatiic as to 
become ee':nomicallv a valuable inn. 



THE CRETACEOUS EXPOSURE NEAR 

CLIFFWOOD, N. J. 

By Edwaki) W. r«i-:Kiiv. I'assaif, N. }. 

rr.ATi: xv. 

In the lanuarv number nf tlu'.AMMUicAX ( li-.oi.ooisr ihere 
appeared an article criiici>ini; cerfiin vii.ws a>cribc(l to the 
writiT as to the propt^r Ci rrelati'Mi of ilu- I'riincM'US claxs 
which oiucrop en Karitan bay in die viciniiy of ( 'HlT\\(Mifl. X. 
J. Tile Article in (pu>tion is wrilli.n in .1 tone that >lionM wa 
he j;eniiitted in a j-cienlific discussion, particul'irlv a> tlu- ])a- 
per criticised was inteufled -s a C'»niril»ntion lo jKili-oboianv. 
the ^coloorical discus.sidn bcin.^" nuTcl\ introductory and ad- 
vancincr no new ideas or corrclati:.!\< : on the cntrarv it con- 
tained siniidy a brief resume of tlie oj)ini«'n.- of ilir ^rwi-al L;e- 
oloi^ists wh(.) had studied this e\iV'>nri- ami wIk-^^ iiMUun; 
0])inion> had Ix-en Ix'l'ore the pnlilic f'T a n;:r.ii)vr o\ year^. 
Should sui)Se(]Uent fads warran;, which it .-.'i.mc^ :•• nu' they 
fall far >liort of doincc at prr>(n:, ih./ reference >'\ 'Avm- 
clavs to the Raritan fon^iaii'-n I •■•■iild m-^i ri;idil\' -.ci-.-p- 
this conclusif.'U, althon.uli lh<- -vx idr:!-;-.' i.f tlie v'"1i:imii.1 ijcra. 
lari^elv misunderstood and ::r!--.!'' ;i<l m K:!:;-:-. .'■ r«- w-^\ 
warrant such a c« inclusion. 

l*rofessor Win. I'. ( "!:':'k ^^■l^' r'^nn .1 •;-■ /■■■•:;::■:'•?: and 
Tnai)])erl it for the I'nitid S:;-.t..- < k ■ •!< L-ii':-! Svim\. ai^l wl. -e 
views I t'«.»llowed in a .miieial \\a;> in i: • .'::''.• al> -n ■.■ -"i. ;\;r''((l 
to writes me in pan as i'mII'-w/ in it-]'- ii-.- i<. a :■. :;'.■'■ :■.-'> in l;" 
for his opinion : 

"There is \v^ ^\\u^>\'^^\ :.- ' - •' ■ •! ;•;■■ ■•." ' ■•.• ^t■.: ,-:.,;■ [>:.'!•::;: = 
contact from iho P- i- p -^^ \:-l-'. : ■■. ■:. \' - v.- :' ."m !;:• . . 
marktrd stratigrajjl'li' fiT'.r.ni- ■ :\ •.!•■ M.-;-. "■ni N'rv. J v-.; < vi'-u:-.-'-.: - 
belt. As we appmii-li the Kre.-i^r-.i' livt^; .i: C'iiV-AOMrl l.i'itf coinin^i 
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nortli, hx'nvcwr. this ^jjiarp tli^iinotion between the Matawan al»ovc aivi 
the Raritan below is less pronounced iind T have always been a good 
denl pii/zled by tb.e ClilTwoofl ^tctinn as there sc'Jmed to be a len< of 
difTcrcnt materials lyinj; ]>etween the typical Raritan below and to the 
westward and the typical Malawan above and to the eastward. T!li^ 
len^ it i.s trne is more sandy in i>lices than the typical ba-^al l)eds of the 
Matawan, but it contains, on the other hand, patchtfs of glanconitic 
materials which I have never observed in the Raritan. Furthermore, 
while the contact oi the ClifFwood lens with the more char:icieri>tic 
Matawan al)ove is nt>t >harp and <listinct* there is a markerl ditTerence 
bet wen thesL^ maierials and the typical Raritan below. 

"Con-^idering all the exidencc at hand it seemed to me that this 
Wn^ oi dark clays and laminated sands, at times glauconitic, ou«lit 
rathev to be included with the Matawan above than with the Raritan 
below. I therefore incorporated it tentatively with the Cros.><wick> cla\ >, 
or ba<al Matawan. to which I ym still inclined to l>elieve it bvl<»n3k;> 
since reading your article on the j)aleol)otany. It is not surprisinjj that 
a larcjc proportion of Raritan plant species still continue on intii the 
h>wer Malawan as the same takes place in the formations below the 
Raritan in Maryland and N'irjjinia. ... It would not Ive sun)risinjr 
that with the advent of Matawan fU-position certain small included areas 
of dep(»Niiion niip;ht e.\i>t at the time of the encroachment of the <'.'\ 
which would he contemporaneous with the more distinctly marine 
facies eKewhere. Tlu' producti(»n of glauconite is an extremely sifiui- 
fic'int fact and i> characteri'itic of the openinj; of Matawan dep<isiiion 
throughout the entire region to the southwestward as far as the pVito- 
mac valley wIhtl* the Mala\\an finally disappears by the transprc>>»ion 
of thv F.o'.-ene. It i> irregularly glauconilic and often sandy south of 
the Delaware 'iltli'iigli no fo>sil leaves have been found as yet. 

"The point at i--ue dois m^t strike me as of any great importance 
and if further iir.esiigation should ^^how conclusively that these beds 
at ClitTwot'd '^hMuld be included in thr Raritan I should have ui* he^i- 
tancv in I'.ccepling the results. I think the data thus far furnished, 
however, point mori- >trongly to the Matawan than to the Raritan, but 
here i-^ a chanci' for an honest ditlerence oi opinion." 

Personally 1 have not stitdiod the c*x|)()siire to the south- 
we.^^tward. nor do 1 feel competent io pass jiulji^ncni on the 
stralijL^^raphie details, anrl I clesiiv in the f(dlo\ving notes to set 
forth the evidence that is furnished hy the plant remains. 

The typical Raritan flora cotitains numerous old types, rep- 
resenlaiives of plant> fn^m the arctic L'r^onian (Kome beds), 
such as (ifrichcm'ti inii'iinurra 1Ic<t; re])resentatives of C';'t*(7- 
dinocar/'us. which is ahu'jst exclusively a Triassic and Ju- 
rassic c^cnn^; rejircseiiiaiives «;f Ccchcni07i'skia which is a 



<* This staiciiiciit should be- qiialifieil conRidrralily. 
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Jurassic genus: Brachyphyllum wliicli is cliiotly a Jurassic 
p^einis, although it occurs also in tlic 'friassic ; rf])rcsentalivcs 
of Baiera and the alHed genus SclerophyDina which are 
Triassis, Jurassis, and Xccomian. 

Podozamites nngustifolius { Richw. ) Schinip, wliich is re- 
corded by Heer from the Jurassic of Sil)eria and Sj)itzhergen 
reappears in the Rarilan. 

In addition to these ancient types, the Raritan alH)unds 
in s])ecies. often of common occurrence, whicli have not been 
<letected at GiffwoiHl. iSucli examples are Sequoia hcfero- 
pliylla \'el., Widdringtonia (two species), Celastropjiyjlmn 
mine species), Myriea (seven species), and si)ecies in ihirly- 
three other genera which are unrejjresented at ( lilTwood. 

Kna])p erroneously says that O4 ]xt cent, of the (.'litTwtxul 
species are identical with the Rarilan flora at W'oodhridge. 
As a matter of fact, in the i)aper he has criticised only j(> per 
cent, of the plants were re|)resented in the whole Kariian 
formation. 

I*'urther contributions havt* increased the percentage of 
Raritan .species found at ClifTwood to 37 per cent. Against 
this may be placed 44 per cent of forms common to tiie (.'eno- 
nianian of this country and luirope. the detailed distribution 
of which mav be readilv seen in tlu- table «>f sptries accom- 
])anying this article. 

l>v far the most common fo^sils at (s'lilTwood are C '////;//;/ 1'- 
hatnites squamosus I leer, l)aiinnara clify^^uKxfensis I lollick. 
Sequoia reicheubachi ( ( iein. ) lleer. an<l Sequoia i^raciUinia 
( Les(|. ) Ncwb. < )f these. Set/utfia reielieiiJuwhi ranges fmiu 
the Xeocomian through the Danian. and is a very wid<^j)rcad 
form. The l)alance are i>eculiar to C'li ff woil and higher Imri- 
zons. thus Cunninghauiites sijuanidsus occurs elsewbere only 
in the Senonian of Saxony. 

The imperfectly iK'tritic(l c<»nc's of .V.'./ //«//(/ i^raeilliimt are 
excessivelv common at C'liffwoo*!, the writer haviiiir cojlectetl 
hundreds of specimens n<>t only from the wash on the beach 
but also in place in the clays. The\ are sonulimo very per- 
fectly preserved and are very characterisliv' object> (see ]>late), 
yet to my knowledge they have never been <leteete(l in the 
Raritan formation. althou;.ih ilie latter ba> been opened ui» 
cvervwhcre for the clav and been extensivelv Cfillecled over. 
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iiH-in1«T< «i ilk- iji'inis Aralia which arc 
■ liiul iIkU ilie one ,si>ecies otherwise crni- 
Ariiliii /^iiliiKilii) is not exactly icli-ntic:il 

•ixi'iin ri-iiriBtn't Minge dOBbtrnlty related to the 
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but shows a prc^rcssivf (k'veli>inm'iit of lotics, and is more 
abundant in the later formation. Of tlie other species of this 
genus two arc very large-leaved Cencmianian forms (nmiiaiia 
and tou-neri). In the gt-nus (Juerciis we tind at Cliffwcmd a 
representative of a Laramie speeies, anodier enmnion to the 
Dakota group, a third closely related ti> the living Qiirreus 
pritwides Willd. 

None of the six Maiawan sixvies of thi.-; genus arc found 
in the Raritan, in fact the genus i.s only sparingly represented 
in that fonnation. 
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Tin* two species Rhamnus and the lour species of Stcr- 
ciilia all i)oint to the relation of the Cliftwood -flora to thoH.* d 
higher horizons. 

In tlie |2:cnus Xchimbo we have a small leaved si)ecics at 
ClitT\v<^o(l whioH llollick con>iders as ])robal)ly identical with 
his Xclnviho laraniicusis from the Laramie formation. 

h'lirtlur tlian this, if we were to eliminate from onr discus- 
sion Raritan forms of rare occurrence in the Matawan. luvX 
evidently wanin^^ typ^-'* -^^i^'li *>'^ Tricdiycites papynwdnis and 
Pri}t()pIiyllochulus suhinfci^rif alius, each represented by hut a 
^ini:,de s])ecimen, the ditYerences between the two llc'ras wc.-idd 
be ijreatly cmi.ihasized. 

The ClilTwoi.rl clays als'"> contain many representatives of 
distinctly later tyj.ies — ihu"^ I'ihuruum has two positively idt-n- 
tit'K'd S])icies. tlie i^enus being unrej^resented in earlier strata.''' 
Simil.-ir evidence is furnisln-fl by representiuives of tlie i^'^enera 
.iriscrniii. I'icjts, /'iinh'sia. Liinrus. Mir^muia, Myrsinc, Saf'in- 
illtS, rtc. 

'i'lir botanical evidence is c:ii»able of much fuller amplili- 
cati«in than I iiave tb.ouLrht necessary to tiive it in the foreiroincr 
n<.ie.-, r.nd I have no lu-^itati^'U in savin^^r that the Clittwood 
ll'-ra is ni:t only perfectly distinct from the Raritan llora, but 
tliat ihe ^'-hl lype-^ in the latter are replaced by more modern 
t\pe> in ihe former. :ind clearly jv.iiiu to the greater age of 
tile Raritan lli.r.'i. If stibse(|uent facts should prove the in- 
li'iK'Me s:r:i!igr:;i)hic cimcclion of t'nese beds with the 
l\:iri;:Mi tl:e li'ra wnuld nevertheless pn.ive that this ln.'rizon 
( ra ('hffwMud) i.s ;i biological, if n'»t a stratigraphic unit. 

* A SIM cics Irum On: K.-iritari rtferrcd to the j^ciins by Ncwbrrry is ol)vioii*Iv 
fioi a Vihtii mini . 
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REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 

TI'C occur*'- nci* aud c.vftloitatioii of f'ctyolcinv niul uofi'val ,'!'.s in Ohio. 

J«iii\ Adams I*'»\vNnrKKK. Fn\irili > Tii*<, lUil'i'tiii Xn. r, of tlic 

(icclo«iical Survey if 01;io. F.iiwakii ( )KTt)N". Jk. St.ilc Goolojriftt, 

C'l liinilin.-. O. DoiTiViluT, u.o.?. pp. ,^-?5. ^^i with mips. (» pl:ito<. 

Exrvniiiiii a brief Iii'.turical <k».'loli nf tlu* («rp:ini>:itinn and work of 

the (.Iv'iIiM^icnl <ur\oy fit Oliio by Pn-f. Orriii. t!ii< M'llnnie i< ilevoted 

!■> i;ii anil «.'a«: by lV<if. lU.w in ckor. The ehi'.rior-. 'm\ ; I'he nil and pas 

firoilnoin.ii r:ok<i of Oliii : I he 'rrcnlcn linir-ii n<- a^ a x'uree <•{ nil and 

.vr:^ : 'riie Cliri'in fnrnir;li<-.n a-^ a -''nroo • f tid and .u:i.> : ill.- C.'arbonif- 

en:MT> riick-; a> a Monroe nf < il nv.<\ ^^;i- : '[".: <irij;in <\ nil and ^as, 

and p"jnlo>;ical cnnditii.>ns under whieli lhc\ :r.<* fnnnd 

\b. ve ll'-- Trenl' n lirnf^t«i:!r. ;he I<.'Vi«'-l ::;!> jiri uli'ei:!.^' r<-.ek nf 
<')1m;i. ei.-.n'in, rciaj rpiantitie^ n\ n\\ :ind ua- ^iie been fcnid in a I.'irjio 
unir.b'er <if fnrmat-inn-^ reafbinij :■< b.i;^]i a^ li.i^ Mun ■n^'/i-'ola fnnna- 
11 :j. th" I'pper Pr'^ilnclive Cn:il Mr.'iMnc - '.f ihr C irb-inifi-r-'Us. The 
;inthnr ilir^en^-it-^ ili't.en. lie L':\e-; in ilet:'.il 'he h:4<.iv nf '.xnlnitfiiinn 
at tl:e varinu^ lielcN. entering int<» the ni.ilvd- *'f \.i-':':n- nnniiripahiies 
t''» vocure free gns fnr niannfietnrini; c.-labii-inn. nt-. and eheap ir;i- ior 
:'j»^ citi/.-n. lob-iln ]ia< ha<l a \rry nnfnrivn;:i- ai".' c^-ily e\iivrienc.\ 
Afler 'in e\p'.-ndit;ire nf iw-^ niil'inns i^i d"l'.ir- tn e'talih'>!i a nnmiei- 
pal jva" plant it Ins nnw nnly an .in!,nal ine- ".ri.- nf St\=CA.), deri\(ij fn^ni 
the rent paid by a private onnii)anv fur ihe n^o ,,f l],.^ c'wv'^ (hVtribnt- 
ini: };a- line^. Ihe history nf l-'ind'ay re;i<K liU-.- ;i r. inianei- - -di-senvery. 
cxcitMiient. spvcn!:iiion. extra .Mv-'ini n-e and \\a-:r, bnnni. wane, onl- 
lapso, and a scampcrinir nf the .^peenl:ll' r^ 1 » the new fiehN .if Intliana. 
Dil whrn it acoi niprniic-d eas. was ai tlrit linie r.uardrd a nni-anc<-. 
Tlit< was in the eiijhties. < ir.i.lnally, :!' ilu- pre\aiene.- nf nil in ilio 
same rvgioiLS and in tlie >anio ri:cks. beeanie an ai4j;i"c>^i'. e ecnnniniv: 
faot. e}tr)ri«; were turned in ii> uiili/ati.:i. At tiie il.iie i^i K.oi the 
Tre;;:/!!! linieMni:* prndueed in ()]i;m the ei'-rm u^. -M].»]i]y <.f jiM7h.ji;j 
barrels. The greatest supply frnm this s-nurce in Ohio w'as in ]'V«)6, reach- 
ing 20,575.138 barrels. 'Ihe total (;il supply m the United States for 
tho=e yenrs was re«pertivel\ <'o,.-S<-j,ir;4 b:ir!-j- and ^o.'/o./ir birrel>. 
Oil is therefor.' now by far ih- .urealer nf these >-iurees <,f weahh, 
but according to symptoms that are we!l kn«'wn it ;iKn is fa.-i gninuj 
over the same n:ad tn exhau<ti«)n. Wei]-< are Jis.inu abanclnu-jd, anil 
the great flowers are much reduceii. sail w iter iin-Mt«.ning tn be their 
(kv,ni. The counties of the ^tate ha\e all bv- n tvsted by drilbd wrll>. 
some of them having ^cnres and e\en ilmu-sai^N. ^n that the resnurcv> 
of tlu' state in this directiriii are praetieally ki.fwn. The re>er\nirs, nr 
"pools" of oil as well as (;f iL-n^ have ])rMb.ib!y all been di-Ctivered. 
This report serves to put tai record and t.> pre-erve the hi-inry nf 
what has Ik en probably the most iinp<iri:ini and exciting run of 
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economic geological exploitation ever witnessed. It has not involved 
so large sums of money as some of the mining enterprises of tlie RocKt 
mountain region, hut it has heen spread over a greater area, and has 
affected the happiness of a greater numher of people. 

'J'he hight of the industry has gradually moved eastward and south- 
eastward, at the same time hcing centered m later formations. The 
Clinton formation supplies the gas at present consumed at Colunibu< 
and surrounding count rj-, taken from the wells near Lancaster and 
Homer ahout forty miles east of Columhus. In Washington county in 
the eastern part of the state, and in other counties lying on the Ohio 
riv<r lx"»th gas and oil are ohtained in large quantities from the upper 
portions of the Carhoniferous formation. 

In reading the pages of this report the geologist is painfully ^truck 
by the u^^e made of the following stratigraphical terms: 

First Cow Run sand. 

Second Cow Run sand. 

Big Injun sand. 

Squaw .sand. 

llurry-uj) sand. 

Goo'^ Run sand. 

Such trivial names, applied by the operators and current in the lo- 
calities where these sands are known, might be replaced by terms more 
in keeping with the science — at lea.^^t the>' might be restricted as local 
an<l vulgar terms not appropriate for the dignity of geological nomen- 
clature. 

As to the origin of gas and petrokum the author states the argu- 
ments for the chemical, or inorganic theory as well as those of the 
organic or geological theory. While admitting that no conclusion has 
been reached by scientists, and that therefore no positive stitement 
can be made, it is apparent that the author inclines to the organic 
origin of these sulistance.^. His summary of the investigations of the 
chemical processes is interesting, and the facts as to the organic 
sources and the geological conditions necessary for their existence are 
concisely y-Jt convincingly set forth. 

The voluuK" is altogether one that is remarkable for the mass of 
detailed facts 1x)th historic and scientific which it presents 1)€aring 
on this industry in Ohio, and for the reserve and modesty with which 
its conclusions are dniv/n. N. h. w. 

United States Ceolop'c Ma/'. Cottotni'ood Falls (Kansas) Folio (No. 

lOO.). CiiAiii.Es S. Pro.sser and J. W. Beede. 

This folio contains a gec»1ogic map and description of the various 
formations found in the Cottonwood Falls quadrangle in central Kan- 
sas. The formations belong in the upper and lower portions respective- 
ly of the Car^M")nifi'rous and Permian systems. This region l)ecaine 
classic in American geology more than forty years ago from the ani- 
mated (liscu"5si-^n (»ver the question whether the rocks were of Carbon- 
iferous or Permian age. 
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A brief description of the formations was published by professor 
Prosser in December. 1902, in the Journal of Geology; but the folio 
contains a more detailed description accompanied by various sections. 
The descriptions are of general interest for in many cases they are not 
confined to the area of the quadrangle, but give the distribution and 
character of the more important formations from the quadrangle south- 
ward into the southern part of the state and northward to Nebraska. 
The following are some of the more important and interesting forma- 
tions, especially from an economic standpoint. The Cottonwood lime- 
stone, which is a massive stratum about 6 feet thick, composed to a 
large extent of foraminiferal tests belonging to the genus Fusulin(L 
This is the most valuable construction stone in Kansas, which appar- 
ently loses its marked lithologic character in the southern part of the 
state, but to the northward it has been followed into southeastern Ne- 
braska. The Wreford limestone is the next higher massive one with 
a thickness of 40 feet, which in part is very chcrty and is the lowest 
of the conspicuous cherty limestones of the "Flint Hills" region. Sixty 
ro seventy feet higher is the Florence flint, 20 foot thick, succeeded di- 
rectly by the massive Fort Riley limestone, which has n thickness of 
40 feet and is extensively quarried at various localities in the state. 
Thh was one of the first Permian limestones to be named and de- 
scribed in the state and its distribution has been traced from southern 
Kansas into southern Nebraska. The highest of the conspicuous lime- 
stones is the Winfield, which generally contains numerous large con- 
cretions that weather to a rusty color, and it forms a marked strati- 
graphic horizon across central Kansas. 

The line of division between the Carboniferous and Permian sys- 
tems is drawn with a query at the base of the Wreford lime«?tono, 
which is identical with the horizon selected by Dr. Freeh for the line 
of division between the«?e two systems. Following the Washington 
meeting of the International Congress of Geologists Dr. Th. Tscherny- 
schew. the noted Russian geologist, studied the Kansa<; river section 
from Manhattan to Junction and later published the following stitc- 
ment: "The layers of the Neosho, and perhaps the lowe<;t pTrt (»f the 
Chase fthe Chase consists of tlie Wreford, Matfield, Florence, Fort 
Riley, Doyle and Winfield formations] appear to be annlogou'? to the 
Schwagerinen fthc upper stage of the unquestioned Carbonifero!!*?! 
in Russia, while the remaining part of the Chase and the layer*; of the 
Marion one must recognize as strata homotaxial with the Ru<5<;inn 
Permo-Carboniferous and lower Permian." 

In a paper published nine years ago in the Journal of Gmhpy by 
professor Prosser, the provisional line of separation between the Car- 
boniferous and ^'ermian systems wa<5 drawn at the top of the Floreiia 
shales in the lower part of the Garrison forniation, i.^o foit l>elow the 
base of the Wreford limestone, which i<; very near the liori/'-n that at 
a later date has been selected by the European authorities for the line 
of division between these two systems. 
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Tbc folio also clearly shows the unexpected folding which the rocks 
of this quadrangle have imdcirgone. Attention was first directed to this 
folding by professor Prosser in 1894, which had been overlooked by 
other geologists who supposed that the rocks of central Kansas had a 
nearly uniform dip of small amount to the northwest. In an earlier 
section along the Cottonwood river the geologist failed to recognize 
the reappearance of the Cottonwood limestone in ascending the river, 
due to an anticlinal fold, and so it was given a new num!)er and re- 
garded as a distinct and higher limestone. 

Radio- Activity uv E. RrTHEKFOUD/ MacDonald Professor of Physics, 
McGill University, Montreal. l^niver>ity Press, Cambridge, 1904. 

399 PP- 

Amidst the ri«^)d of pai>crs, uften immature and incomplete, relat- 
ing to radio-activity, which have apix^ared within recent years, it is a 
distinct pleasure to meet with one in which the subject Is treated in a 
comprehensive as well as calm and judicial manner. In the work issued 
under the alxnx.- title prufes^or Rutherford has brwuglit together the 
available infonnation relating to the so-called radio-active minerals 
in the form of a somewhat brief summary of twenty -acven pages. The 
remainder of bis bo<»k is givui up to a discussion of the Ionization Thc- 
orj' of Gases; Methods of Measurement; Nature of the Radiations: 
Rate of Emission of Energy ; Pn)i)erties of the Radiations ; Continu- 
ous Production of Radio-active Matter; Radio-active Emanations; Ex- 
cited Radio-activity; Radio-active Processes; and Radio-activity of the 
Atmosphere and (A Ordinary Materials. Abundant references and 
footnc^tes serve to make the lxx)k a very satisfactory bibliography of 
the subject. 

Incidental reference may bo made to an earlier work by Dr. Philip 
Browning, of Vale University, entitled An Introduction to the Rarer 
Elements, which forms a very convenient supplement to the work of 
Rutherford, above notul. This last, aside from giving a brief historical 
sketch of each of the so-called rare elements, mentions the natural 
minerals in which it occurs, the typical compounds formed, their prop- 
erties, and method of extraction. G. P. M. 
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PERSONAL AND SCIENTIFIC NEWS. 



Mr. L. J. Hartzkll has been appointed to a professorship 
in the Aloiitana School of Mines at Butte. 

Prof. J. E. Todd is doing field work for the United States 
Geological Survey on the Redfield and Bvron quadrangles in 
South Dakota. 

Drs. J. W. Beede AND E. IT. Sellards spent the summer in 
the field studying the invertebrates and plants of the l'|)per 
Carboniferous and Permian rocks for the University ( Geological 
Survey of Kansas. 

Dr. Clarence L. IIerrick. formerly one of the editors of 
the American Geologist, died Sept. 15. at Socorro, Xew Mex- 
ico, of tuberculosis. In a future number a suitable biographi- 
cal sketch will be published. 

The Hugh Mh.ler Mkmorfal Ix.sTiTrrK was opened 
Aug. 26 by Andrew Carnegie. It is at Cromarty, and the 
origination was due to the memorial ctlebratirMi held at Cro- 
marty in 1902. The institute promisi."^ to be ])ermanent and 
useful. 
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The PALEONTOLOCnCAL LIBRARY OF THE LATE PrOF. C. E. 

Beech ER of Yale University, is for sale. It comprises ever 
3000 pamphlets and 200 volumes. Those desiring further in- 
formation should write Prof. Charles Schuchert, Yale Mu- 
seum, New Haven, Conn. 

Dr. a. C. Lane, state geologlst, has been engaged as 
non-resident lecturer to give two lectures a week on 
economic geolog}' at the University of Michigan. This i? 
a part of the work that belonged in the department of tlic 
late professor W. H. Pettee. 

The KEEWATi>r greenstone was struck by a deep well at 
Veblen, in Marshall county, South Dakota, at a depth of 860 
feet. A sample of the drill-core showed a much squeezed rock 
carrying a considerable fine-grained or "chalcedonic" quartz. 
This formation gave a flow of soft water. 

We learn that Profes.sor Dr. J. F. Pom peck j, long a<^- 
sociated with the late professor von Zittel, is to leave the Alta 
Akademie at ^lunidi, having accepted the chait of geology in 
the Landwirtschaptlichen Hochschule at Hohenhemi near Stutt- 
gart. We understand no chair of paleontology was established 
at Munich, but only one for geology, now occupied by profes- 
sor Rothpletz. 

Mr. O. a. Peterson, who has been making explorations 
for the Carnegie museum of Pittsburg, in the northwestern 
part of Nebraska and in Wyoming, made a somewhat pro- 
longed field examination of the curious fossils known as Dai- 
monelix. In a preliminary paper (Science, Sept. 9, 1904) he 
states that he believes from the facts noted that there is but 
little room to doubt that Daimonelix is cast of the burnMv nf 
a rodent. The skeletons of numerous rodent specimens were 
found entombed in the giant coils. 

The Deepest Oh. or Gas Well in the United Sr.\Trh 
was com])leted in i8(>8 on the William Bedell farm at We-^t 
Elizabeth, 12 miles southwest of Butler. Pa. It is 5,575 feet 
deep. A 10 inch casing was used to 40 feet, an 8.25 inch to 
360 feet, a 6.25 inch to 1320. and from thence to the bottom 
is a 6.25 inch hole. Record was kept of the geological ft^r- 
mations, the hole starting in the Carboniferous. 150 feet below 
the horizou of the Pittsburg coal and ending in a black 
shale supposed to be the Marcellus shale of the middle Devon- 
ian. Prof. Hallock, of Columbia Universitv, made some 
careful tests of the temperature. At 525 feet the temperature 
was 57 dc^. Fall., at 2252 feet 64 deg. ; at 2397 feet 78 deg. : at 
5010 feet 120 (\e^,; and at 5380 feet 127 degrees, an increase 
with depth of about 1.4 deg. per loo feet. An accident left the 
tools and 1000 feet of the cable in the well, plugging it, or it 
would have been drilled deeper. (Eng. Mitu Jour.) 
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THE ECHINODERMATA OF THE MISSOURI 
SILURIAN AND A NEW BRACHIOPOD. 

By R. R. Rowley, Louisiana, Mo. 

Pisocrlnus granulosus, n. sp. 

Plats XVI. Figs. 1. 2. 3 X 2. 

The 1n\e basal plates of this httlc criiund arc (juite large, 
extending' considerably 1)eyond the columnar ])it. As in other 
species of the genus, they differ much in size and shape. 
The two large radials res^t on the basals, the three smaller ones 
being triangular and lying between the two larger. The two 
posterior radials rest ujxjn a rather broad, pentangular anal 
plate. The radial extensions upward, separating the arm ba^es, 
though not long, are stout as in the figures. The entire surface 
of the plates is beautifully granular. I'he plates are heavy 
and the body outline hemispherical. 

Figure 3 in its plate arrangement differs widely not only 
from the specimen Figs. 1 and 2 but even from the genus 
Pisocrinus. However we take it to ]yc a mere abnonnality. 
Three of its radials are large and rest on the basals, while the 
other two are small, resting between the two larger radials 
without touching the basals. . There is no anal plate, whatever. 

In all the specimens of Pisocrinus figured on our plate the 
basal region is excavated. 

The specimens came from the red, shaly limestone of tlic Niagara 
age, near St. Mary's, Ste. Genevieve Co., Mo. 

Pisocrinus gorbyi ? S. A. Miller. 

Plath XVI. Figs. 4., '>, 6, 7 X 2. 

This is another granulose species, somewhat smaller than the 
former, distinctly star-shaped and less rotund. In small speci- 
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mens the radials are strongly pointed and give rise to a distinct 
constriction ifear their bases, as is seen in figure 6, a side view. 
The basals are fiv^, irregular in size and shape and extend out- 
ward beyond the basal funnel. The line bounding the funnel 
is rather sharp instead of rounded as in Granulosus. Two of 
the radials are large and rest on the basals while three are 
much smaller, triangular and lie between the lateral sutures 
of the other two. The posterior paired radials are separated 
from the basals by a broad pentangular anal plate. ' The radial 
processes are large and abnormally broad, leaving but a nar- 
row shoulder for the ami base. Some of the specimens of this 
and the succeeding species seem to be without basal plates 
or they have been very small and removed w^ith the stem base. 
See Figure 9. These fossils differ some from Miller's types. 
Spcjcimens from the sanie formation and locality as the last. 

Pisocrlnus globosus? Ringueberg. 

Platb XVI. F1G8. 8, 9 X 2. 

There is some doubt about the correct identification of this 
species, and in case it should prove to be distinct, it might be 
called Pisocrinus sphaericus. Specimens of this species are 
smooth and the largest collected at die St. Mary's locality. 
The basal pit is a rather broad inverted funnel with a rounded 
boundary below. The basal plates if present are very small 
and concealed beneatli the top stem joint. They have prob- 
ably been removed from the bottom of the pit. Tlie radial^ 
as in the above species are five, two of them reaching the basals 
and the other three much smaller and mere wedges between the 
two larger radials and a broad anal piece. The radial processes 
are broad and leave less than half of the radial width for the 

attachment of the arm. 

Horizon and localit}' same as the last. 

Pisocrinus glabellus, n. sp. 

Plate XVI. Fig. 10. 11, 12 X 2. 

This is another smooth species and differs from the last 
species in the possession of rather large basals and very narrow 
radial processes, thus leaving rooin for broad arm bases. The 
basal pit is rather large and with a sharp boundarj" above. 
The live basals form a triangle tliat extends beyond the pit. 
Two of the radials rest upon the basal triangle; one a small 
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triangular piece lies like a wedge between the two larger ones, 

hardly extending half the length of the body, downward. The 

other two are adjoining and rest upon a rather broad azygous 

plate. 

Horizon and Uxrality same as the last. 

Cyathocrinus? ovalis n. sp. 

Platb XVI. Fig. 13, 14, 15, 16 X 2. 

Tliis species is almost certainly not Cyathocrinus. Our ma- 
terial consists of four, small oval bodies, all of which are 
figured on the plate. The stem scar is minute. The under 
basals are five in miml>er, quadrangular and elongate forming 
a cup of considerable depth. The basals are five, elongate and 
hexagonal. The third ring of plates consists of five radials 
and an anal interradial of somcw'hat smaller size tlian the ra- 
dials. The plates of this third ring are a little broader than 
long. 

The diameter of the calyx through the middle of the basals 
is much the greatest lateral diameter, the radials tucking in 
toward the arm region and thus giving an oval fomi to the 
calyx. All of tlie plates are smooth and rather heavy (thick). 
The scar for the anji base is nearly the full width of the 
radial. The basals are considerably convex about their centers, 
giving a pentagonal outline, in an end view of the body. See 
figures 13 and 15. This lobed character even extends to the 
under basals but less so than in the basals. 

Horizon and locality same as the last. 

Lecanocrinus hemisphericus, n. sp. 

Plate XVI. Figs. 17, 18, 19 X 2. 

The excavation for the stem base is small and shallow. 

The underbasals fonii a flat pentagon around the basal 
excavation and are small and 3 in numl>er. The five basals 
arc large, as broad as long and three of them pentagonal w^hilc 
two are hexagonal. The radials arc five in number, broader 
than long and pentagonal in outline. The ami base occupied 
the entire wi<lth of the upper radial edge. ' Lying between 
the upper sloping edges of two adjoining radials and the lower 
edges of a radial and second anal piece is a small quadrangular 
first anal. The second anal lies between two radials, the fir^ 
anal and the upper sloping edge of a basal and extends a little 
above the top of the radials. 
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The greatest width of the calyx is a little below the top of 
the radial ring. There is little convexity to the plates. The 
surface of all the ])lates is very finely granular and scarcely dis- 
cernible low ridges pass from jilate center to plate center. 

Locality and horizon same as the hist. 

Cordylocrinus? dubius, n. sp. 

Platb XVI. Figs. 20. 21, 22 X 2. 

This little crinoid has nuich the appearance of Macrostylo- 
crinus both in outline and ornamentation, but differs in the 
shortness of its costals, anchylosis of its basals and the ])res- 
ence of but one intcrradial to the area on the doral side. 

There is no basal excavation for the column but a slight ele- 
vation, almost a rim. The columnar canal is apparently round 
and minute. The use of a lens and a strong light fail to dis- 
close interbasal sutures. It is therefore i)robable the basal 
plates are anchylosed. forming a broad but not deep cup. 

Five large radials, broader than long, rest upon the basals. 

Near the top of the radial there is a thickening oi the test 
that throws nearly half of the radial width into a fold form- 
ing a lunular scar above on which rests a short, very small, 
quadrangular first costal. Of less width and no greater 
length is the second costal, a bifurcating plate. The upjxT 
part of the depressed area between the radial folds is oc- 
cupie<^l by a single anal plate that bends over on the ventral 
side. 

The dorsal plates are ornamented by fine lines that follow 
the basals and radials longitudinally and cross the dei)ressed 
areas from radial lobe to radial lobe. One-half of the 
dorsal surface is preserved and is composed of rather strong 
ambulacral ridges and dei)ressed triangular interambulacral 
areas made up of a few jilates. The antbulacral plates arc 
small and apparently form double series. 

The anal area differs little from the interradial s})aces. 
with no a])pareht difference on the dorsal surface. There is 
no ajjparent <jrnamentation on the interambulacral sj)aces but 

the ambulacral ridges seem to be corrugate. 

Locality and luiriznn same as the last. 
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Stribalocystis mlssouriensis Rowley. 

Platb XVI. Figs. 23. 24. 

This little cystoid was described in the American Geolo- 
gist for February, ic^oo, i)age 71, and figured on plate II. 
(Figs. 40, 41). There is an excavation in the basal plates for 
a medium size, round column with a central canal, apparently 
round. Of the iouf ])lates of tlie basal ring the larger two 
are i>entagonal and the smaller two (piadrangular. Resting 
upon these four plates is a ring of six larger ones, two of 
which are i>entagonal, two hexagonal and two heptagonal. 
These are variable in size, the i)entagonal Innng smallest. 
There are eight plates in the next ring and alxnit sixteen 
smaller ones in the ventral disk. 

There is a small anal opening near the K.'i\^<:: of the disk 
and six or seven other small perforations just alK)ve the tliird 
row of calyx ]>lates. Around four of these latter canals arc 
surfaces aj)parently for the rece])tion of ami l)ases. .Ml of 
the plates are quite convex and ornamented by strong radiat- 
ing ridges or a central ikhIc and ridges. 

Figure 23 is a side view of the type specimen and figure 
24 a basal view of a much smaller s|)ecinien. 
L<x:ality and horizon same as the last. 

Stribalocystis? elongatus Rowley. 

Platb XVI. Pigs. 25, 26. 

This little cystidean is almost certainly not stribalocystis. 
The only two siwcimens collected are imlKHkleil in the lime- 
stone in such a way as tr) make uncertain the number of i)lates 
to the ring. 

There are either three or four eU)ngate liasal i)lates, four 
or five in the second ring, ?[\'q or six smaller plates in the 
third row, six or .•-even still smaller ones in the fourth row 
and a number of small crown plates. 

Neither of the s[K'cimens show any openings, pectinated 
rhombs, or appendages exce])t a short piece of the column. 
The stem is quite large and the i)art attached to one of the 
specimens liaS seven joints as in figure 25. 

This species was described in the hVl)ruary, ic/x), Ammk- 
ICAN Geologist, page 71 and figured on i)late 2 (figure ^v^). 

Collected from the Dellhyris liniotone at Red Rock Landing, Perry 
Co., Mo. 
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Melocrinus wittenbergensis, n. sp. 

Plate XVI. Fig. 27. 

The only specimen collected is small and injured on one 
side. The color is quite black. 

The four Ixisals fonn a short neck. The first radials are 
a little wider than lonp^, and hexagonal. The second radials 
or first costals are wider than long an<l pentagonal. Tlie 
second costals are wider than long, pentagonal and ^bifurcat- 
ing, supporting alx)ve a double series of two distichals each 
to the arm bases, or rather brachial rays. There is very lit- 
tle difi'erence in the size of any of these radial plates. Tlicre 
is a single he])tagonal intcrdistichal plate. The lowest intcr- 
brachial rests iK-tween the sloping upper edges of the radials 
and the lateral e<lges of the costals and is seven sided. Aliove 
this latter are two other interbrachials, somewhat smaller, or 
three interbrachials in all. 

The azygous side is injured so that no diagnosis can be made 
of the anal interracHus. The plates of the ventral disk are 
quite large and each has a short central tul)ercle. The plates 
of the dorsal side have little convexity, the costals, under a 
magnifier, having the appearance of an ill defined central tu- 
bercle. 

The anal tube or opening is broken away in the s])eci- 
nien. There is a slight basal excavation for a rather strung 
column. 

Delthyris limestone, a mile and a half below Wittenberg, Mo. 

Troostocrinus? dubius Rowley. 

Platb XVI. Fios. 28. 29. 

This little blastoid was figured and described in the Feb- 
ruary, 1900, numl>er nf the American Geologist. (Plate J. 

The three basal plates fc^rm a triangular, pyramidal cup. 
flight and width about equal. The radial sutures apparent- 
ly extend to the top. as no interra<lials are visible externally. 
The top (.if the anal interradial area projects soinewhat alx)ve 
the toi)s of the other areas in some of the specimens. Ex- 
cept the anal opening and the central uncovered area, no oth- 
er (»]H'uings are visible. 

'i'lie ambulacra are over a third of the length of the entire 
l>f.)dy and hV a little below the c^lges of the radial lips. Tlie 
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number of pore pieces on either side of the lancet in each 
area is from fifteen to twenty. 

Xo columnar cicatrix can be seen on any of the nine 
specimens and if present, the stem must have been very slen- 
der. We have a strong suspicion that it had no stem. The 
ornamentation of the plates is fine parallel striae. 
Horizon and locality same as the last. 

Calceocrinus alleni, n. sp. 

Plate XVI. Figs. 30, 31, 32. 33. 

• 

The two smaller basal plates of this species arc shown in 
figure ^2. The columnar excavation is shallow and the col- 
umnar canal small and apparently round. The third basal is 
shown in both figures 30 and 31. As usual it is nearly as 
broad as the body and short, forming a gaping suture with the 
two smaller plates. The two latteral radials are large and 
bend upon the posterior side, but do not apparently meet and 
separate the two anterior radials. The lower anterior radial 
appears to be quadrangular instead of triangidar. The upper 
plate is wanting in our specimens, but was undoubtedly quad- 
rangidar with its short side resting on the upper short side 
of the post-anterior radial. This arrangcinent seems to 
make the lateral radials pentagonal. Arms and column un- 
known. Surface apparently sm(X)th. 

This interesting crinoid is named specifically for my 
friend, the collector, Mr. Thos. W. Allen, of St. Joseph, Mo. 
The types were collected from the Clinton division of the Niagara 
Limestone at Watson Station, Pike Co., Mo. 

Glyptocrlnus insperatus, n. sp. 

Plate XVI. Figs. 34, 42, 43. 

From the roinid stem base, five folds or rounded ridges 
pass out almost horjzontally to the centers of the five rather 
large basal plates. Folds of similar strength extend from 
the centers of the basals to the centers of the radials, forming 
five broad, inverted V's, a single strong fold or ridge follow- 
ing the remaining radial area to the center of the second cos- 
tal, bifurcating there and pas.sing into the anns. 

The center of each interradial plate is occupied by a siiiall 
tubercle from which radiate six or more delicate ridges 10 
adjoining plates. The radials are pentagonal, the first c«s- 
tals hexagonal, the second costals pentagonal and axillary. 
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There is little difference in the size of the radials and C05^t;iJ>. 
Tliere are three distichals above the axillary second co>ta^ to 
where the wedge shaped arm pieces begin. 

Arms, ronn<lecK continuations of the radial folds and coivi- 
posed of a single series of wedge-shaped pieces that give off 
alternately rather long, slender pimdes whose joints are long 
and gr(X)ved on the ventral side rather deeply. The pinnies 
near the base of the anns are much stout<;r. The interradial 
areas somewhat depressed and each filled by a scries of i. 2, 
2, etc. plates, the lower and larger one of which is hexagon^^ 
and lies between the first costals, its lower angle tillini^: ^ 
shaflow \' between the upi)er edges of the raciials. 

\'entral surface unknown. Tnfra-basals, if present, nc^ ^ 
visible beyond the stem base. Arms apparently long and xq^^ 
in numl)cr. 

Colunui round with every third or fourth joint much wid 
er than the rest. 

Locality and horizon : two and one-half miles northeast of Ed^i 
wood. Pike county, Mo., and from an earthy limestone of the ago •; 
tho Clinton group. 

Glyptocrinus insperatus var. pentagonus, n. var. 

Platk XVI. Figs. 35. 3G. 

This fossil is somewhat larger than the preceding one 
with much stronger radial folds or ridges and more distinct 
stellate ornamentation of the plates, especially the interradials. 
A fold, (juite as strong as the radial ones, passes up the mid- 
dle of the anal area from t!ie center of a basal. The five 
double folds of the basal region form a flat star and the in- 
verted V's formed by fold:^ from the centers of the radial to 
the centers of the basals' t<7gether with the rays of the basal 
star bound deep diamond-shaped areas. 

The interradial areas are flat, the anal interradius being 
broader than the other four. The plate arrangement is ex- 
actly as in figure 34. Fine granules cover the surface of the 
])lates. 

The s])ecimen ])reserves tbe calyx to the top of the second 
costal which is a bifuricating plate and there are perhaps but 
ten arms. 

The columnar l)ase is round and the perforation rather 
small. I^'our of the basal plates are perhaps pentagonal (in 
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tilic absence of infrabasals) and one hexagonal. Tlie radials 
stre larger than the basals and ho])tagonal. First costals hex- 
SLgonal. Second costals pentagonal. 

The first interbrachial is hexagonal and followed above by 
two smaller plates. Xo higher plates are found on the imper- 
fect type specimen. A large hexagonal first anal is succeeded 
Idv three plates alx)ve, the middle of the anal area T)eing trav- 
c^rsed by a strong fold or ridge. The granular surface char- 
acter, the absence of central nr.des and the very strong rad- 
iate ornamentation an<l ray folds may be sufficient to separate 
this crinoid specifi<ially from the former species. If s<.^, the 
;i}roposed varietal designation may l>ea>me the name of the 
sjjecies. 

Were it not for the fewness and size of the interbrachial 
plates, both this and the previously described species might b».* 
referred to Ptychocrinus \V. & Sp. (Gaurocrinus, S. A. M.). 
Horizon and locality same as the la>l. 

Gissocrinus? problematicus, n. sp. 

Plate XVI. Figs. 37. 38, 3l>, 40, 41. 

Under basals three, of nearly ecpial size and forming a 
slight roimded rim Ixdow the basals. Two of them are five 
and the third four-sided. 

The anterior one is longer than either of the odier two. 
The basal plates arc large and a little longer than wide, 
the }x>sterior being heptagonal and truncate above to receive 
the first anal plate. The basal to the right of the posterior is 
also heptagonal while the onu to the left is ])entagonal. The 
right anterior basal is hexagonal and the left pentagonal. 

Two of the racial plates are nuich larger than the basals 
while three are of about the same size and one smaller. The 
large radials are the anterior and the one to the left of it. The 
'one to the right of the anterior has its u])per Q{\^i: J)elow that 
of the other radials. The iK>sterior radials rest betwc\*n the 
sloping upper edges of basals a little more deeply than 
the others and are smaller, the one on the left of the anal 
area supporting alx:)ve a costal of greater width, partly rest- 
ing on the first anal. The small radial to the right of the anar 
area suppjorts above a costal of greater length and width parr- 
ly supported by a basal. 
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The liiiiular scar for the reception of the first costal on 
three of the radials and on the first costal for the reception of 
the second costal of two of the rays are less than half the 
width of the plates. Supported by the first anal plate which 
is hexaf^onal of equal width and length and lying above a 
truncate basal and between two radials and the two costals, 
is th<? second anal of equal size and shape as the first and 
lying- partly l>etween the two costals. The surface of all 
plates is api)arently smooth. 

The column was perhaps as wide as the underbasal rim 
and with a medium canal. Arms and ventral surface un- 
known. 

In the equal underbasals, the numlxT of anal plates and 
the incorjxjration of two first costals in the calyx, this little 
crinoid? seems to differ quite widely from Gissocrinus and. in 
fact, all other cyathocrinoids. Its nearest affinities, however, 
seem to be with the cyathocrinoids and the genus Gis'socrinus. 
Anomalous as the statement may seem, the two costals men- 
tioned in the descrijnion have every appearance of radials ex- 
ce])t as to location. 

Tlic si^ccimcn came from the oolitic division of the Clinton group, 
three miles west of Louisiuna, Mo. 

Glyptocrinus insperatus? var carinatus, n. var. 

Plate XVI. Fio. 56. 

This little crinoid, imperfect as it is, lying half imliedded 
upon a slab, has the appearartce of being congeneric with 
figs. 34. 35, 36 and possibly, co- specific, agreeing with the 
three in Us long slender pinules and the clmracter of its stem, 
but differing in the possession of strong keel-like nodes on 
its basal plates. The i)ortion of stem attached to the base is 
C(>mi)Os<*d of thin, imiform, round rings. An inch aw\iy ev- 
ery third or fourth stem joint is broader tlian its fellows, as 
shown in the figure. Better specimens may show- this fonn 
to be a good species. Of the lx)dy plates but little can l>e 
made out beyond the fact that there are five keeled basals and 
fivv larger radials with a central indistinct ridge, each. 

The ])ortion of a largier stem lying among the anns is of a 
larger s])ecinKn and shows well the character of the assoc- 
iated columns. 
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The specimen, comes from the Chnton beds tliree miles northeast of 
Edgewood, Pike Co., Mo. 

Lampterocrinus? comptus, n. sp. 

Platb XVI. Fios. 57. 58. 

The specimens of this crinoid are so fragmentary as to 
render a description more or less imperfect. Detached plates 
are not uncommon but perfect bodies are not known. The 
two specimens figured preserve enough to show tliat the spec- 
ies had a slight basal rim about a shallow stem cicatrix, five 
basals and five larger radials, with two costals to the ray. 
The regular interradials are in series of i, 2, etc. and the 
anal area of i, 3, etc. Radiating ridges cross from center to 
center of adjoining plates. 

The specimens are from the Clinton oolite three miles west of Lou- 
isiana, Mo. 

Crtxoid stems. 

Platb X VI. Figs. 42, 4.3. 44, 45, 46. 

The stem represented by figs. 42, 43 is that of a Glypto- 
crinus, perhaps, as also the specimen near the top of the page, 
diflFering none from the lower part of the stem belonging to 
fig- 56, except in size. 

Figure 46 is a related stem but coming from the oolite 
west of Louisiana while 42 and 43 are from the earthy Clin- 
ton beds near Edgewood. 

44 and 45 are doubtless a Mariacrinus stem associated with 
42 and 43. 

Crinoid stumps. 

Platb XVI. Figs. 54, 56, 69. 

The figures 54 anid 55 are of a specimen from the red and 
yellow-banded. Niagara limestone of Ste. Genevieve Co., Mo 
The specimen is without roots, being merely expanded below. 

Fig. 59 is from the same horizon and locality and possesses 
roots. 

Crinoid bases. 

Platb XVI. Figs. 48, 63. 

• 

Figure 48 is composed of three basal plates with sutural 
ridges and a round protuberant stem base. From the Clinton 
oolite, three miles west of Louisiana. 
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Figure 53 has apparently five basals and a pentagon 
stem lyase. The plates are ornamented by small nodes an 
ridg'es lx)rdering^ the sutures. From the Niagara of Stc. Gent^ 
vieve county. 

Crinoid plates. 

Platb XYI. Figs. 49, 51. 

These ])lates perhaps Ix^long to some species of Lamptero- 
crinus, Clinto. . <)oIitc, Pike Co., Mo. 

Cystoid Plates. 

Plate XVI. Figs. 4.7, 50, 52. 

These are found associated with the crinoid plates alx>ve. 

A single plate of Caryocrinus oniatus was found at the St. 
Mary's locality, but the writer failed to find Edriocrinus in 
the Delthyris beds at Rc^l Rock Landing. 

Skenidium? nodocostatum, n. sp. 

Plate XVI. Figs. 60, 61, 62, 63. 

This little shell has some external resemblance to Orthis. 
However, the few, strong plications, rather high cardinal 
area and other features separate our species from that form 
and, as it bears a strong resemblance to Skenidium we have 
ventured lo place it under tliat genus, in die absence of struct- 
ural material. 

The cardinal area is less than the width of the shell, not 
high and with an uncovered deltidium whose sides are almost 
parallel. The brachial valve is somewhat convex with a broad 
illy defined sinus occupied by two plications smaller than the 
ones bounding the area. Either side of the sinus is covered by 
three strong plications with three other smaller implanted 
ones, not reaching the lx?ak. 

The ix^dicel valve is slightly more convex than tlie bracii- 
ial without fold, but with a strong central plication. Either 
side of this central costa are three strong ribs or plications 
with an equal number of smaller implanted ones as on the 
brachial valve. 

The Ix'ak of the brachial valve protrudes beyond the car- 
dinal area of the pedicel valve, displaying a narrow brachial 
area. The beak of the pedicel valve is almost retrorse. 
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'he transverse lines of growth are strong^ and p^ive to the 

-tions where they cross, a mxlose appearance. The shell is 

li Sitinctly bilobed. 

1^ mrom the Niagara limestone, six mile< west of St. Marys. Mo. The 
-^ 1 is rare and the collection contains Init three six-cimcns, two of 
**<^ li are figured. 

X^ound associated with Pisocrinus granulosus and Stribalocystis 
^"^ 5?»<)uriensis. 

EXPLANATION OF PLATE X\'l. 

PiSOCRINl'S (JKANri.OSlS, N. St. 

Figs. I and 2. Basal and anal side views of the tyiK\ two diameters. 
Pig. 3. An aberrant specinun, side view X i2. 

Pisocrinus noRuvi? S. A. Mii.ler. 

Fig. 4. Side view of. a large specimen, two diameters. 

Figs. 5, 6. 7. Basal, side and top views of another specimen X 2. 

PiSlKRINLS (H.ODOSrS? RlN(;iEnER(;. 

SifJe view of a large specinun X 2. 
Basal view of rinotht'r specimen X 2. 

Pl.S(KRINrS GL.XBEl.IA'S, N. Sp. 

Side view of a very large si>ecimen X 2. 

'J'op view of a smaller si)ecimen X 2. 

Basal view of a >mall specimen X 2. *^howing large basals. 

CY-MHOCRINCS? OV.XLIS. N. Si». 

F'g*^- 13» M» 15- Basal, side r.nd top views of three different speci- 
mens X 2. 

Fig. 16. Side view of a small individual, two diameters. 

Lecanocrim's HEMisruERKis. N. Sp. 

Figs. 17, 19. Side and top views of two small specimens X 2. 
Fig. • 1 8. Basal view of a large, example, two diameters. 

CORDYUKRINI'S? UlBirS. N. Sp. 

Figs. 20, 21, 22. Lateral, dorsal and ventral views of the type X 2. 

Stribalocystis missouriensis Rowley. 

Fig. 23. Side view of the type, natural size. 
. Fig. 24. Basal view of a small specimen X 2. 

Stribalocystis? elongatis Rowley. 

Fig. 25. Side view of the type spicimen, natural size. 
Fig. 26. Side view of another specimen, natural size. 

MeLOCRINIS WITTEN BERGEN sis, N. Sp. 

Fig. 27. Side view of the type, natural size. 

TROOSTOCRINrS? DIIULS RoW LEY. 

Figs. 28, 29. Side views of two large S5>tcimens, natural size. 
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Caixkocrinus alleni. N. Sp. 

Figs. 30, 31. Sid<» views of two different individuals, natural size. 

Fig. 32. Basal view, showing columnar excavation and two basal 
l)lates X I- 

Fig. 33. Side view of another indiyiduaP, natural size. 

Glyptocrinus insperatus, N. Sp. 
Fig. 34. Side view of a speciniicn preserving the arms and pinules 

X I. 

Figs. 42, 43. Side and end views of a column, probably belonging 
to this, species, natural size. 

Glyptocrinus insperatus var. pextagonus, N. Var. 
Figs. 35, 36. Side and basal views of the type, natural size. 

Gl.SSOCRIM'S? PROBLEM ATICUS, N. Sp. 

Figs. 37, 38, 39, 40, 41. Side and basal views of the type specimen, 
natural size. 

Figs. 44, 45. End and side views of a quadrangular stem belong- 
ing to some species of Mariacrinus, associated with 34, 35, 42, X i- 

Fig. 46. A stem from the Clinton oolite, associated with 48, 49, 50, 
51, 52, X I. 

Figs. 49, 51. Crinoid plates from the Clinton oolite, nat. size. 

Fig. 48. The three plate basal ring of a crinoid, nat. size, associ- 
ated with 49, 51. 

Figs. 47, 50, 52. Plates of Cystids, nat. size, associated with 48, 49. 

51. 

Fig. 53. Base of a Crinoid from the Niagara of Ste. Gcneviev<: Co., 

nat. size. 

Figs. 54, 55. Side and top views of a Crinoid stump from the 
Niagara, of Ste. Genevieve Co., nat. size. 

Fig. 59. Side view of a Crinoid stump with roots. Niagara, same 
locality, nat. size. 

Glyptocrinus insperatus ? var. carinatus, N. Var. 

Fig. 56. View of the tyi>c as it lies imbedded on a slab, nat. size. 
The dotted line connects the top of the stem with another 
fragment about an inch away, the .intermediate portion hav- 
ing boon destroyed by some agency. 

Lampterocrinus? comptus N. Sp. 
Figs. 57, 58. Basal views of two specimens, preserving portions 
of the calyx. Natural size. 

Skenidium? nodocostatum, N. Sp 

Figs. 60, 61, 62, 63. Cardinal, pedicel, anterior and brachial views 
of the two type specimens, natural size. 
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TECTONIC GEOGRAPHY OF EASTERN ASIA. 

Reviews and Translations by William IlBBnRRT Hohds. 

IV. Japan* (Second Paper). 

C. The STRrtTURE as a whole and the lines of dislocvtion. 

In tlio two preceding sections of this paper, were treited individual 
parts of the two wings of Japan; in the two following will he considered 
such piienometia as are common to the two wings or concern the island 
country in general. 

The Great Tfatts^erse Fracture. In the vicinity of the T,^8th degree 
of east longitude there appears to one who approaches from the east, 
a series of striking phencMiiena following in rapid succession, and these 
caii^c an important change in the landscape. First there are the frag- 
ments of the wnlls of an extended kettle-like sinking in the ancient 
range, from the middle of which the Ixfautiful cone f)f I'uji-N-ama rises 
to a hight of 372.^ meters ; th.en the distinct series of well preserved 
volcanic cones in the straight line of Fuji-Yatsugadake : further the 
kctile of Kofu, sunk into the granite of the Kimpr)san, which rise> 
t<» 2350 meters. But the rarest surprise is furnished on the we^t <ide 
of the road leading from Kofu to Suwa lake by a rectilinear high 
wall above which becomes visible in the west somewhat later the 
granitic Komaga-takc rising in the immediate neighborhood to the 
hight of 3000 meters: and by the observation that here steeply uplifted 
ancient schistose rocks are in place with almost meridional strike, 
wliile to the eastward from Kofu the dominating equatorial strike 
direction was recognizable within a somewhat confus<."d complex. 

It is obvious that that stretch of road follows a gnat fracture of 
the crust. The geological map allows us to now easily recognize its 
course in detail. Westward from Fuji it is exactly meridional in a 
stretch of 88 km from the coast city of Schidsuoka to Xirasaki which 
lies westward from Kofu ; then it follows for 72 kilonutcrs the <lirec- 
tion N 42° \V until west of Matsumoto. From here to the north coast 
(90 k. m.), it runs again meridionally, but in a flat arc conctive to the 
eastward. The entire length of the line is, therefore. 250 kiUnneters. 

The following phenomena are connected with this line : 

1. in a purely morphographic sense the line indicates the limit of 
a sleep wall and a furrow reaching from sea to sea. If the bottom 
of the latter does indeed rise in the vicinity of Suwa lake to above 
800 meters, it is none the less an important line of connnerce. 

2. The fundamental complex of the entire country lies deeper in 
the east than in the west. Here is the wall of the sttep break in the 
highest upbulging of the land ma^s of Japan, toward which the fimda- 
mental complex, with its granites, gradually rises from the west. 



• In the last paper of the series (this journal Septfinber. 1904.) was begun 
a translation of the fifth paper by v. Riciitopbn in his studies of the geomor- 
phology of east Asia. 
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so that in the Kibso range and in the Hida range it reaches its great- 
est elevation in the vicinity of that descent. On the east side tl^"^ 
basement vanishes at once, completely covered by later deposits, ai'*^ 
where it becomes visible again in the Kwanto range and farther f ^ 
the north, it rises only rarely to a little more than 2000 meters. Eve''*^^ 
the granite domes, which in reference to the relation-s of altitude ha\' ^ 
an independent position, are lower than those of the west. Harad ^ 
has called attention to the regional value of these differences in eleva ^ 
lion. 

3. The fracture line cuts off diagonally the strike directions of th< 
western ranges in the principal stretch from Nirasaki to beyond 
Matsumoto, under angles of 40^ to 60° : in the two N-S stretches, how- 
ever, it is approximately parallel to them ; it is as if it were deflectul in 
sections by tlie lines of the internal structure, as is so often the case 
with continental arcs of the plateau lx)rders. 

4. To the eastward from the fracture, the strike directions of the 
western ranges do not again appear. All observers agree in this that 
in the Kwanto range, in spite of many irregularities, the direction 
NW-WXW is to be considered the normal one. A bending around of 
the strike from one side to the other it has not been possible to prove, ..^ 
since the connection is interrupted. It is also in it.self not probabh 
because to the north of the Akkaischi-yama a bending back of the beds^===r s 
occurs from N by E to X. Further, the gneiss band of the nortlM^ Ji 
zone, in which the Tenriu-gawa flows, is no longer visible upon thc^ — ^e 
east side. 

5. A support for a determination of the time of the sinking in .^n. 
it is not yet possible to obtain : since the circumstance that the entires e 
north wing of Japan, from the great fracture line to the l>orders ot —f 
Abukuma and Kitakami, is covered over with heavy marine Tertiai 
deposits of Miocene and Pliocene age, whereas they are restricted ir 
the west of the fracture line to the coasts and lower-lying portions 
does not suffice ; and from the distribution of the Trias, as well a=:^ 
portions of marine and in part continental development of \\\(=^=- 
Jurassic and Cretaceous, certain conclusions are not yet to be drawn — - 
The analogy also with the numerous meridional fractures of cast Asia ^ 
for which in general the beginning probably occurred in early Me^ozoi^^ 
time, and further dcvelojMnent in later period.s, cannot be here ap- 
plied, since tliis fracture furnishes in comparison with the others, much 
tha*. is peculi'ir. 

The J'olcdiiic Scries of Fuji and the Line of Islands in the Bonin 
Ridge. The volcanic scries uf Fuji stretches to the eastward of the 
great cross 'Vacture transversely through Hondo, furthermore not 
in a straight but in a broken line. The mean direction can be 
regarded as parallel to that of the cross fracture; but this does not 
hold true for the individual sections of both lin€S. According to the 
present \'v:.\\ of the Japanese geologists, the Fuji volcanic series 1)egins 
in the nnrtli with the group of Mioko-san, whose peak is distant 26 
kilometers from the coa^t. The line runs from it S lo* E to the Tates- 
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china-yama (2530 m.), distant 90 kilometers; from it a line of the 
series directed S 25° E touches the peaks Yatsugadake (2932 m.), 
Kayagadake (1240 m.), Fuji-yama (3728 m.), Aschitaka-yama 
(1187 m.), Amagisan (1386 m.), and reaches beyond the island of 
Niijima to the island ^of M>'akejima, which is distant from Tates- 
china 255 kilometers. Here it meets a loxodromically straight line, 
likewise sharp, and directed from N 10* W, to S 10* E, which extends 
through young and generally very small volcanic islands cliaracterized 
for the most part by present activity, in a length of 1,200 kilometers. 
Belonging to it are: 0-schima (34® 44' N), Miyakejima (34° 5'N),and 
with for the most part greater intervals, seven small islands and reefs, 
to Ponafidin and Lot's Wife (29' 48' N), then Rosario (27' 16' N), 
and the volcanic islands stretching from 25" 25' to 24" 18'. At a distance 
of 130 kilometers to the east rises the almost parallel scries but yet 
slightly curving into an arc (convex to the sea) of the somewhat 
larger Bonin islands, 120 kilometers long, for which series the Japa- 
nese use the name Ogasawara-jima. Yoshiwara has found nummu- 
litic limestone upon them. Based upon tho interlamination of tufa 
and upon other phenomena, the conclusion has been drawn that 
here the volcanic activity has reached from the Eocene time into the 
Miocene, nnd since a subsequent elevation appears not to have occurred 
the entire series of islands must l>e considered as an older one in 
respect to that just mentioned. 

Soundings have shown that the islands are raised above the sub- 
marine ridge which has been designated the Bonin Ridge. It is not 
certain whether it can be surrounded by the 2,000 meter line; yet it is 
probable that it extends southward to 2o'*N. Concerning its relations 
to the ridge of the Mariannes, no conjecture can yet be made. 

The Great Japanese Volcano Arc (Bandai Arc). If the portions 
of the great continental framework which arc alwve the sea, marked 
out by the Japanese islands, .allow the internal connection and the 
history of their ancient basement to be made out but incompletely, 
certain lines of great disturbance in later time, which were connected 
with important neo-volcanic proccs.ses, are so much the more distinctly 
drawn. Among these new dominating lines (Leitlinien) which came 
into being in middle Tertiary time, that one is by far the most striking 
which is genetically coimected with the volcanic arc here under con- 
sideration. It follows neither the direction of the strike nor of 
recognizable ancient fractures, nor does it show any dependence upon 
the deflections which the north zone and south zone of South Japan 
have been subjected to on their east end, but it intersects each of 
these elements at arbitrary angles. The tendency of the cast Asiatic 
arcs which are convex toward the ocean, is, as was shown, not to be 
made out in any part of the fundamental complex ; here in the great 
Bandai arc of volcanoes it holds true for the first time in a strict 
sense. The arc intersects North Japan in the middle line and is like- 
wise marked out by massive volcanic formations as well as by basins 
depressed upon either side. If westward from Satporo, in Yezo, we 
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start out from Yoitschidake. which rises at the intersection of 140'* 
and 43° N, the series of volcanoes follows this meridian to th 
southward in great stretches ; northward, also it has been attempted C^ 
extend them by two degrees of latitude to the volcano of the islan^^ 
of Rischiri, 1740 meters in hight. Southwards the vSeries deviates \C^^ 
the west from the meridian for the first time, where it leaves th^^ 
eastern environs of the Kitakami mountain country in order to gc 
over westwards from Sendai and to the northern portion of th( 
Abukuma mountain country. Here in Sao-san (1964m.) it has al- 
ready reached i4oVi'> E and hn^ nearly attained 38** N. In the environ- 
of the circular lake Inawaschiro above which the Bandai-san rises to 
a hight of 1960 meters, it is broadened out to a double series, of which 
the eastern one. runs SSW to Nasu (1912 m.\ then southwest to 
Nan-tai-san (2483 m.), near Nikko. thereupon WSW to Akagi-san 
(1839 m.), and finally W by S to the Asama-yama (2480 m.). Here 
it has reached a longitude of 138" 2,^ E, a latitude of 36^ 25' X. 
and comes into the immediate neighborhood of the Fuji series. 

Thus apparently ends the beautifully curved arc. But at this end 
is joined a meridional cross series which is parallel to the northern- 
most stretch of the Fuji scries and is di.stant from it 36 kilometer.":. 
Asama, Schirane (2253 m.), Iwasuge (2515 m.), Hennomine (1804 m.) 
and Ammamisu (iOf;o m.), arc its peaks. It is more worthy of note 
that in the exact extension of the arc itself to the W by S beyond the 
Fuji zone and the great fracture rim lies the unique volcanic series 
in the great region of ea.steni South Japan. Norikura (3166 m.). 
Hakusan (2640 m.), Dainitschi (1236 m.), and Kunimi-dake (638 m.) 
mark it out. Kunimi lies upon the sea in the meridian of the Biwa 
lake 225 kilouKters distant from Asama. The length of the entire 
volcanic arc from Rischiri is nearly T300 kilometers. 

The penetration of this arc acro-'^Js the great fault cleft into a 
differently constructed mountain country, reminds one of the penetra- 
tion of the Aleutian arc into the central range of Kamtschatka, or of 
that of the Kurile arc into the Hidaka chain of Yezo, and of the 
Liukiu arc into the transversely directed structure of Kiu.siu. As in 
the first case, so it appears also here, as if the reappearance in a 
foreign region were connected with special intensity of expression : 
for the Nurikura, like the Asama-yama, is the focus for a transversely 
directed series to which the Oiitake (3185 m.), in the south and the 
Iwodake in the north belong. 

The great volcano arc — which I will call from a generally well- 
known peak, the Bandai Arc — is for North Japan the real dominating 
line of the most recent time. As a chain of volcanic islands like the 
Liukiu. the Kuriles, and the Aleutian islands, it had appeared in 
connection with the sinking of the land beneath the surface of the 
sea. As a transversely facing continent, with steep and sharply cut 
caistem border, should rise tlic land lying to the west of the great 
fracture. On this the arc should advance in flanking position and 
continue running over across it. The similarity with the flanking 
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lains under consideration goes even further: for as in front of the 
l>lace of contact of the Aleutian arc with the ancient c*:*ntinenta] mass 
"of Kamtschatka, a line of high volcanoes runs to the SSW with an 
ajigle of 70 to 80* with the entering line, to be continued as a string 
of islands ; so here the Fuji series of volcanoes, likewise continues 
immediately before the place of entrance with an angle of So* to be 
extended in the ocean as a series of islands directed S 10^ EL 

If one considers the base from which the Bandai volcanic scri.es 

» 

rises, he recognizes that it is a sunken region. A fault margin acc:m- 

panies this in the east and intersects the land without regard t-- the 

structure of the underlying rock, even if deflected at times by i: for a 

distance- In the depressi«3n of Saiporo iip<'»n Vezo. such :no?ngraence 

is not vet observable- In Hond«» to the we-tward of Kitakami and 

Abukuma the line of fracture coincide- with the oft mentioned 

*'m€dian line." which, as wa^ _hr.\vn abi»ve, nm-^ discordantly to the 

mountain structure and form< the natural trench for the cvj^mmerce 

between south and n<:»rth. The sunken region is c:»vered ovtrr with 

young Tertiarj- sediments, rich in tuff, which in the water parting 

Bandai range compacted by volcanic r^icks were nvenopped from E 

to W in passes of 600 to 1000 meters, and show upr-n the map altitude 

figures to above 1.200 meters. 

That still other recent vertical displacements have taken place has 
been indicated above : for the Tcniaiy- dep«:»sits are lacking xo the 
Kitakami mountain ccumry: the .\hiikuma mountain countr>- i> ac- 
companied by them near the c»a<t. Each sht'ws sunken areas thro:igh 
its Rias coasts: in the iVrmer C'imir>- are evidences of negative trans- 
lation of the coast line. Still m-^re the character of locz. •.•ccurrence? 
is in keeping with that •>f the Va-in depre->i<»ns to the west of the 
divide, which are of impc»rtancc i-t the form in detail. Like the 
latter, the individualized volcan -e^ uhich. rise fmni kett'e depressions 
on the west coast can here W c^ n>:dered r^r.ly in passing. 

Perhaps the>- btl'jng tr. the -. • 'cjn^-e- which havr no immediate 
connection with extended tract -re -!r-.:r:::rc-. ^-ut are hui't up «:'ve.' 
isolated chimneys. 

D. GENER-XL S<:HEMF. "F THE V«-V7*:N* -HALNS « 'F JAPAN. 

We arrive at the f-!I"wir.2: re-ul:-: 

I- The island of Shu^hima ar:! -.he i.'r- m;- f t? < 'i ■:■» i-lar.d- «*> 
not belong to the stn:ctrre <•! Jij-r:". ^'•.: .-.tk t- ■••. c^r.-idered :: = 
members of the Korean arc. 

2. South Japan cn^i-t- f *.\ .ii^cvr. in^:*:;-* ::!<:'-.• r-,-':'^'--. 
namely: l. An eqnat^riij']y 'rvrtr! v • ' ■••a:rri :•: ! ::::.'•:: >!. •• : 
up of gneisses and P^'r i : -'••:•• :^ :.'.:- l i' :• -•-C<.'bi: '•'■:- 
times and greatly intr:'v* ' y : - > ' ; ;'-*<. -^ :'• - > ^• 
ites, which main hi &/ i- :. '•: .--■ . .r • 

south, through which i> --'.t: •• -T* ' .* . ■ :-; •»■ : ; t •^' .-. ' 

S E convexity again-: ^ - " vl'- -^ • . • " « .\ ' - 

contiguous Mountain Z r-: • .r K - ',' " - -j ...,•■ •'. 

one band, consisting -f : ' :' •' - ' ^. ':; . - •: • 
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merits with rare granite intrusions, whose folds originally striking in 
the Sinian direction (alx)ut W 30° S to E 30° N) were deformed by the 
southwardly migrated north zone to an arc convex to the N W 
and by internal compression has been soldered to the compressing 
range of the north zone along a long sharply drawn line. Where 
the latter experienced its sharp bending a nearly detached fragment of 
the south zone, the Akaishi range, was placed almost along the 
meridian side by side with the gneisses of th-e north zone, and now 
appears as if press<:d in between the latter and the obstruction. In 
the north zone the inner (northern) portion suffered compression, the 
outer (southern) tension; hence we find in the former a compact 
frame work but irregularity of strike, in the latter regular strike but 
lateral oi)ening, fracturing to- horsts and sunken areas into which the 
sea penetrates in the form of bays wliich in part unite to form the 
interior sea. The granites appear to follow in part hnes of fracture 
directed radially toward the outer zone. In the south zone on the 
other hand the outer (northern) portions of the arc were compressed, 
being crowded together upon a short line ; tliey close up the bays of 
the north zone and have broug-ht about the narrowness of the entrances 
to them. The granites of the north zone end abruptly at the border 
line. 

3. The Equatorial main body is probably a continuation of the 
Tsinling-range, the Kuma-Kii range of an eastern member of the 
south Chinese mountain country. The arrangement of chains in the 
two ranges in South Japan corresponds to that which is the rule on 
the south side of the Tsinling. The Kuma-Kii range is a backwardly 
compressed arc soldered upon the lee side in the rnanner in which 
they there occur. A local deviation from the Clwnesie structure is 
conditioned by the dragged backward l>ending of the eastern part of 
both zones. ^ 

4. The position of the Nagasaki triangle is not to be determined 
since the observations at hand are not sufficient. 

5. The fundamental structure of North Japan inclusive of Yezo, 
is characterized by the presence of three broad strongly folded rectili- 
near zones parallel to one another and striking in the direction N 
by W to S by E; which from the names of their parts whicli appear 
as ind-ependent mountain' masses may be designated at the Hidake, 
Kitakami. and Abukuma zones. The latter consists of gneiss; in the 
structure of the two first mentioned Paleozoic share with (probably) 
Algonkian sediments. 

In the portion of North Japan lying between the Abukuma zone 
and the great transverse fracture, the places where the underlying 
rocks come out from beneath the enveloping cover furnish at present 
no adequate support for a conclusion regarding the structure. In the 
hill countries of Kwanto. Aschio. Yamiso-Tsukuba, and Etschigo the 
basement consists of similarly folded Paleozoic schists and granites, 
to which in the Kwanto hill country the (.Mgonkian) Sombagawa 
stage is added. In the latter the strike is W N W, in the others it 
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varies so bcUveen northwesterly and n(irtlic:isterly direct ion-s that no 
order is recognizable. The gndssi's of Kino and Hida are liere lack- 
^^K; apparently only the elements of the Kunia-Kii zone are ])resent, 
*^"d it is not proven that detachvd portions of the Litter do not hive 
^" essential part in the composition of tlie regicni in (question dne t<» 
^^ctonic fracturing on a large scale. 

^- Two tectonic lines indicated by volcanoes invade fr«)m without 
^"<^ niass of Japan. The first of thom is a, the Liukiu Line. It i< C(»n- 
[i^cted with the Kunia Kii range as a promiiunt flank range. Its 
interior recognizable line beset with island volcanoes, shows its 
'^^'J\sion in a meridional series of volcanc es tninsvers? to the structure 
^iiisiu and extends perhaps to beyond Asayama. The tectonic 
,'^^v.ience of lines which arc parallel to the latter nray hi- recognized 
^ ^\\Q alTruptly terminated transverse coasts of southern Kiusiu. The 
"*^^^Ond of the tectonic lines is h. the line of the Bonin ridge beset 
. *^Vi the volcanoes of the volcanic islands, Bonin i>^lands, Schitschito 
^*^nds, and other numberless volcanic islands arranged in the direction 
V)y E to X by W. In the continuation of the latter line deviated 
'-^^Vard the N N W. rise the volcanoes of the Fuji series. The unusu- 
^ significance of this chain for Jajwn may be recognized in many 
^^ifFerent phcnoint^ia. For not only does this series of volcaii<x*>< run 
y'^rough the entire island of Hondo throughout in its broadest place; 
^^ is also accompanied by a very important fault, which calls attention 
^o the variety found in the plateaus (I^ndstaffeln) of the continents 
*n this respect that the form of the land bordering upon the west 
noticeably ascends till it reaches the fault cleft and then an abrupt 
descent follows toward the deeper step; it appears, however, not to 
take place in step fractures, as is usually the case. A third matter of 
the utmost import is the drafi on the ivest sicX^ of the Rrcat cross frac- 
ture. One cannot avoid Naumann's conclusion that where the depres- 
sion has occurred a solid obstruction existed, which lay in the line of 
the Bonin ndge. This is strengthened by the consideration that the 
Bonin ridge with its no longer projecting northwestern continuation, 
as regards position and direction, appears as a fourth meml^er in the 
I>arallel scries: Hidake, Kitakami, Abukuma. 

The Bonin ridge with the Fuji zone indicates, indeed, that from 
here toward the east lay a continent which difficred from the western 
with its equatorial arrangement by possessing a meridional structure ; 
and the conclusion is near that it is this oiKe more highly projecting 
structure on whose w«Ci>tern border the Japanese portion of the Tsin- 
hng range has been dragged by its southwardly directed mas> mi- 
gration. A glance at China has shown that there chain after chain 
among the parallel members of this body has suffers. d an arc-like 
dragging off from north to south. The behavior here considered is 
analogous; it appears, as though on the site of Naumann's Fossa magna 
the last still persistently remaining memlxj-r of the great trunk range 
suffered the same fate and at the same time tore away with it the 
Akaischi portion of the Kuma Kii range, while it nearly duached it 



290 The American Geologist, November, 19W. 

from its earlier connection and placed it in a nearly perpendicular 
position. 

7. Development of the Japatpese Are. It is clear that the pro- 
jecting portions of Japan do not correspond to the recognized charac- 
ters of compressed mountain ranges of the Alpirke type. South Japan 
shows in the front an arc concave toward that portion of the earth 
space lying in front; we could compare it to a portion of the con- 
tinent taken from the Tsinling range and its adjoining ranges to th<? 
south. North Japan and Yezo on the other hand appear as fragments 
of an ancient continent of quite a different kind, placed transverse to 
th€ equatorial ranges of South Japan. If One considers the two parts 
of the continent of which the fragments are visible, not yet intersected 
by volcanoes but reproduced in full extent, scarcely any portion of 
the coast could appear less adapttd for the production of the mountain 
arc. But exactly as upon the continent and upon the coasts, the work- 
ing together of telluric forces furnished to the great fractures which 
they brought forth the tendency to join in great crescentic lines inde- 
pendent of the internal structure, and thus to develop an extended 
structure of the plateau block kind with sickle-like border region and 
with upward-arching basin-like depression toward the interior. The 
Japanese inland country corresponds to these conditions in its entirety', 
the sea of Japan corresponds with the bottom of the basiin. 

Like the other arcs which have been considered in these *'studi-es," 
the Japanese ha's a meridional and an equatorial arm. The meridional 
arm is a diagonal horst ; that is to say, its long sides (the eastern and 
thie western, or the outer and the inner) intersect in an acute angle 
the int'jrnal structure. The htter is as we have seen directed N by W. 
The axis of North Japan< and in like manner its coast line, curves 
from NE, through NNE, to N ; hence correspon<lence with the .<itrike 
never obtains. It follows that the force which here protluced the 
meridional component of the arc on the west side of the Pacific 
ocean, as we have learned in all other cases, was so powerful that the 
fault lines with it occasioned have courses without regard to any 
structures which were already present in its basement. Another 
property consists in its tendency in those places where the meridional 
arms join with the equatorial to form arcs, to continue again some- 
what further west and form meridional arms of new arcs in flanking 
I)Ositiun. It should l)e here recalled that the^ bathymetric linos of 
the great deep do not go around Japan, but along the east side of the 
Bonin ridge in an arc which is convex to the eastward. 

In the equatorial arm of the Japanese arc, the conjecture already 
expressed is confirmed, tb'Jt for the character of these components of 
the arc<, the Tsinling range constitutes a panititin in so far as the type 
of the gridiron of blocks { Staff eiroste) arising from tensional frac- 
tures, as it occurs in Daurivn and North Channel, docs not appear to 
<Kcur (11 the south side of that range. Of the Japanese equatorial 
limb every trace in fact i> lacking. Otherwise, the line-s of th? 
Sinian system are dominant in the general plan. However, the 
deformations which thcv have suffered have influenced their courses. 
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The coas4 brings into most marked expression the bending of the 
range so as to be concave to the south. As in the niani>er of its 
l>eiiding, so also in the abundance of embaymertts, it is the opposite 
to that which we are accustomed to see in the folded outer ranges 
of mountains of Alpine type. 

Of the Japanese arc, only the land which projects above the sea 
is shown. Whether compressed folded arcs lie in the slopes bordering 
t:he ocean or in its depth, is not to be d-ctermined. When I wrote the 
fnrst parts: of these ''studies," I considered it as probable, and con- 
jectured that through concentration by folding a compensation would 
«nler for the dilatation which has come about by reason of the tension 
"toward the east. The analytical consideration of the structure in 
Japan has robbed me of the conviction. There is no trace of zonally 
"folded arcs to be discox^ered in the fundamental complex. In vain 
one seeks it in the Mesozoic deposits. Compressed folds may indeed 
"be present in the eastward slopes toward the Tuscarora deep; but it 
is not probable that they surround Japan in arcs. The assumption 
\ix)wld be better based that they accompany the Bonin ridge upon its 
east side. 

8. The Banded Arc of Volcanoes is a recent expression of the arc- 
forming force. From the fracture field out of which it rises in a 
beautiful line, there have welled up, according to Harada, in Mesozoic 
time rocks of many types. Along with granites, which he had in- 
clined to ascribe in part to a late age, there were especially diorytcs, 
quartz porphyries, and porphyry tes. A rtgularity in their arrangement 
cannot be made out. So much the more distinct is such an arrange- 
ment in the volcanoes which have been active since Tertiary time. 
Inclusive of Rischiri, Harada enumerated up to the Asama, 44 vol- 
canoes, of which 8 are still active. The fracture field from which they 
rise may -liave come into existence in Mesozoic time. The formation 
of the connecting canals with the earth's interior along the extended 
continuous line, and on certain scattered laterally-lying positions, was 
■ connected with later events. There arose thus the first independent 
arc structure within the region of the Japane>e islands. It does not 
follow the axis of the island arc; for if the northern portion does 
indeed fall in the median line of North Japan, it nevertheless deserts it 
before it rcachs Asama ; and if we follow its extension to the west 
where it is inserted in a most remarkable manner into an entirely dif- 
ferent inountain country, almost all of South Japan \\q<< outside the 
line. It soon reaches the sea. In its prolongation lies, 3" farther west, 
the twin pair of the circular Goto group of islands, which are in part 
volcanic; yet one might venture to assume a connection. 

This arc has as little foundation in the structure of Japan as have 
the coast lines of the north wing. It obviously depends upon the forces 
which formed both, but it is in contrast with them, independent by 
its very simplicity, and throughout a long course. In it an analogy- is 
furnished with the Aleutian islands and with the Kuriles. Since it 
rests upon the ancient arc as something foreign, one nuy speak (^i' its 
connection with it as epigenctic. 
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THE SUBMARINE GREAT CANYON OF THE 

HUDSON RIVER. 

By J. W. Spbncsb. Wanhinj^on, D. C. 

(Submitted to Bighth International Geog^raphic Congress, New York.) 

(Advance Notice.) 

More than forty years ago, professor' J. 1). Dana first ex- 
plained the channel of the continental border, extending from 
New York for more than a hundred miles, as the former 
course of the Hudson river, at a time when the continent stood 
higher than now (then known to be only 720 feet deep). In 
1885, j)rofessor A. Lindenkolil (hscovered that the shall(;w chan- 
nel became a canyon, and reached a depth of nearly 3,<x)o feet, 
but with an apparent barrier across it. Since then, both pro- 
fessor Dana and Dr. I'pham applied this feature as evidence 
of continental elevation of the Glacial pericxl. On the evi- 
dence of incom]>lete soundings, in 1897 I ventured to point 
out that the valley was traceable to a depth of i2,cxx) feet. 
Recently I have found authentic evidence, from s?oundings by 
Lt. Com. Tanner, that immediately beside the sounding re- 
sponsible for the barrier hypothesis, he obtained another 
which revealed a- deep canyon, at this point, where the former 
depth had been taken on its side only. Then in the next four 
miles the floor drops in a step of 2,000 feet. Here another 
deep sounding, close upon an older and shallower one, shows 
a depth of 4,800 feet below sea level where the continental 
slope is submerged only 1,000 feet. Accordingly, there is a mag- 
nificent canyon, 3,800 feet deep, which at a little below its top is 
less than two miles wide. Just beyond is a tributary. This great 
depth is 31 miles from the head of the gorge, incising the 
level flcx>r of the continental shelf, having two right-angled 
turns in its course. Beyond this point, the gorge is defined 
and extends at least 11 miles farther. At 48 miles, the right 
wall of more than 2,000 feet becomes less precipitous, showing 
that the canyon is widening into a valley with the depth of 6.200 
feet below the surface at a point not in its center. I have 
taken the end of the more ])recipitous walled gx)rge at 
about six miles above this point, and the depth below the 
surface between 6,000 and 7,000 feet. The details of the 
right wall from this point onward are sufficiently full, but on 
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the left, the immediate position is open to some variation of 
location. *To nearly 9,000 feet, its maximum breadth i^^ 
defined, and thus we have the pnx)f of the valley c- :: 
tinning" to a point 71 miles from the head of the cniiVon, 
\vhich is about 100 miles from Sandy Hook. The edge of 
tlie continental shelf is taken at a depth of 500 feet, niside of 
which the gorge has receded nearly 30 n:iles. The floor of 
the channel and gorge is covered with blue clay, while the 
level shelf is covered with sand. 

I am now able to analyse this feature ecjually well with the 
canyons of the Congo and Cape \'erde, or the Antillean re- 
gion, with the advantage of having more knowledge of the 
adjacent topography and geology, so that its date can be de- 
termined as pertaining to the early Pleistocene period, and 
that there seems no other feasible explanation of its origin 
than that it was formed as a land valley when the region was 
9,000 feet higher than now. For some reasons one might be 
inclined to reduce this amount by 2,000 feet on account of 
epeirogenic depression of the continental slope, but this is re- 
futed bv outside information. 

The study of the shallow channels on the continental shelf, 
shows, after a subsidence following the period of elevation, an- 
other small elevation of 250 feet, obtained in age post-Columbia. 
Subsequent sinkings and minor changes are also noted. 



MIOCENE BARNACLES FROM GAY HEAD, MASS., 
WITH NOTES ON BALANUS PROTEUS, 

CONRAD. 

By Joseph A.. Cushman, Boston. Mass. 

During the last two summers two collecting trips to Ciay 
Head, Marthas Vimrvard, were made bv the writer, one in 
July, 1903, the other in August, 1904. At l)oth times a con- 
si<krable number of specimens of the fossil crab, Arcluicoplax 
signifera Stimpson, were collected, in all, several hundred 
specimens. Among these were a number showing the cara])ace 
almost completely. Upon examining several of these, peculiar 
circles were noted on the shell. The counterparts revealed the 
bases of barnacles, the upper parts of which were imbedded in 
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the matrix. In all, a number of specimens of craus with at- 
tached barnacles were found, one crab with several, more or 
1 d opt h I P ^ -^ h pe nens were of 
oung nd da Fgesof eeaegi 'en. 
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S R N ura History.) 

Fragments of a Balaniis were reported from (lay Heail 
by Dr. W. H. Dall (.-\m. Journ. Sc, 3rd series, vol. xlviii, p. 
297) as "Balanus (rprotcns Conr. ) fragm." Almost without 
exception our Miocene barnacles from the eastcni Unitcil 
States have been referred to Balanus proteus Conrad. The op- 
ercular valves were not fifiured by Conrad, two sketches of Ihe 
external view of the whole shell Iwing all that is given in liii 
Medial Tertiary. The original tlescription was not accom- 
panied by a figure. 

Darwin was the first to recognize the real miportance of 
the inner or opercular valves as a means for separating tlic 
species of I'alanus. He showed that while the outer shell or 
testa varied with the irregularity of the surface to which it 
wa.>i aitached. the inner opercular valves were not so affected. 
Darwin, in bis monof^ph of the Fossil Balanids (1^54.) 
figured fur the first time the opercular valves of the common 
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American Balanus of the Miocene. His specimens were from 
Virginia and Mar}-land, while Conrad's type of B. protcus was 
also from Virginia. Darwin finds that the oj)erciilar valves 
agree in their details with those of B. concavits Bronn which 
was described m 1831, several years before the first appear- 
ance of the description of B. protcus Conrad. The very small 
use that can be made of the exterior shell is shown by the 
comparisons made by the two writers. Conrad speaks of his 
species as being close to the English B. crassus. A c()m])aris<>n 
of the opercular valves of his species with B. crassus would 
have shown at once the great dissimilarity of the two, although 
in many wa3;s similar in external form. Tn the outer shell 
also one has the radii perforate, the other imperforate. 

In his remarks toward the end of his monograph of the 
Cirripedia, Darwin speaks of B, protcus as follows, '*] cannot 
recognize this species; it resenibles /?. />(;;r (////.?; but as the radii 
are rather narrow, and apparently with rather oblique sum- 
mits, it may be B. concavus: the opercular valves are not fig- 
ured." Here again, the likeness to B, porcatus would at once 
have been seen to be entirely superficial if the o])ercular valves 
of the two could have been conij^ared. 

A considerable number of specimens from Virginia and 
^rar}'land, labelled B. protcus and corresjxmding in all j^oints 
with Conrad's figures have been examined by the writer. With- 
out exception the opercular valves were like those of B. 
concavus as figured by Darwin. Xot only this, but in the 
series obtained, the very slight dillerences noted by Darwin 
were bridged over by tlK-: specimens, many of them being 
more like the figures of specimens from the luiglish Crag 
than those figured from Maryland. Darwin, however, notes 
the variability of the Maryland specimens. 

The specimens obtained at Gay Head are like B.. conccvns 
in having the basis and parieties permeated by pores. The 
opercular valves where shown were similar to those oi B. 
concavuSj Fig i, especially to those of young specimens. It 
should undoubtedly be recorded as this s|)ecies. Its occur- 
rence on the backs of crabs is also in favor of its being i)laced 
under that species, which in its recent members is almost al- 
ways found attached either to th<^ backs of crabs or to shells. 
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In New Jersey the fra^iients of Balaniis have been rotrr n (\ 
to B. protcHs Conrad by Prof, R. P. Whitfield. These shoui^Bd 
undonl>tedly be called B, concavus Bronn. In Whitfield 's 
paper, ^follusca and Crustacea of the ]\riocene of Xew Terse — -\ \ 

(Monograph xxiv, U. S. G. S.), there is one thing to whi c h 

attention may be called. On p. 141 he says, "Xo entire ind i- 
vidual of this species has been obtained from the X'ew Jersci^!^ y 
deposits, so far as I am aware; but numerous separated platens 
are in the collection at Rutgers College." These specimen 2s, 
which were from near Shiloh, X. J., are figured, PL xxiv, fig- s. 
18-23. In plate iv, fig. 8, on the ear at tli€ left of the she^ 11 
of Vola hnmphrcysi Conrad, there is figured attached an et "■- 
tire specimen of Balanus. Tliis shell was also from ne^^m^r 
Shiloh, X'. J. This illustrates the ease with w^tiich bamacl^izs 
and other attached fonns may be overlooked. 

Although there are minor differences in the shell due ^Tfco 
attachment, there are, nevertheless, certain variations in tl-^«is 
species not due to this entirely. Darwin figures both smoo- tb 

and plicated specimens of B, concavus. In American spe( :\- 

mens there is the same variation. On a single valve of Pecfr en 
cburncus both forms were found. Several had four or mo^«=>Te 
prominent radial plications on each of the parieties, anotk^^er 
fomi of which there were several were perfectly smooth e — x- 
cept for the lines of growth which w'ere slightly raised. Su ch 
differences at first glance would seem to give definite varieW^al 
distinction but in a considerable amount of material it has be en 
impossible to carry this difference beyond the early gro\\W:^K 
both forms becoming roughened and rugose in further growfc:^^?. 
In both forms there seems to be no appreciable or consta^ ^^t 
difference in the opercular valves. The Gay Head specime Tis 
w-ere of the smooth type. 

From the preceding it seems that we should adopt tlie 
earlier name of Balanus concamis Bronn for the coirmion spe- 

« 

cies of barnacle found m the Miocene from Gav Head south- 
ward through Xew Jersey, Maryland, Virginia, etc., instead 
of the commonly used name B, proteus Conrad. 
Boston Society of Xatural History, 1904. 
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The Theory; of Copper Deposition — Lane, 
THE THEORY OF COPPE R DEPOSITION. L^ 

By Alprbd C. Lanb, State Geologist, Lansing. Mich,^ 

During the past few years there has been a lively interest 
in the theory of the origin of ore deposits, and recently two 
works have been published by the Institute of Mining Engi- 
neers and by the Engineering and MiniK'^ journal, which give 
a very good account of the presi::. state of the controversy, 
and references enough to carry one pretty well over the whole 
field of the latter.t In these discussions our deposits of iron 
ore and copper of lake Superior have been frequently used as 
illustrations of the various theories by those who take part 
in the discussion. In view of these facts, it seems proper to 
give a review of what is known concerning the copper of lake 
Superior and of the theories regarding the same. There is also 
a practical i:iterest involved in the discussion. As we shall 
shortly see, all the best authorities at present agree that the 
copper has been deposited by water, but there is some differ- 
* encc of opinion as to whether the water current is a de- 
scending on€ and copper was deposifetl and a circulation pro- 
duced by gravity, or ascending, and the circulation due to 
one or more principal causes, which we may call as a common 
name, volcanic, meaning thereby that they are connected with 
the interior heat of the earth. Now, it is a common notion 
among the practical Cornish miners of the copper country, al- 
though I do not remember to have seen the statement in 
print, that the copper is liable to occur under high ground. 

To imderstand what is meant by the expression **high 
ground," we must remember that at the present clay the bulk 
of the copper is deposited in bedded lodes. It would be per- 
haps more correct to say that it comes from lodes whose strike 

• Advance sheets from the Annual Report for 1903, reprinted from The 
Michigan Miner. January and February, 1904. It should be understood that 
the title in a g:eneral magazine like the Ambrican Groi.ogist is too broad, for 
the article has reference solely to the deposits of Keweenaw Point, and the 
author does not wish to apply either facts or conclusions to other deposits, 
such as the sulphides, whose history he believes to be different. 

t Genesis of ore depositH. Reprinted papers from Volumes xxiii, xxiv, xxx 
and xxxi of the Transactions of the American Institute of Mininji^ Engineers. 
Published by the Institute at the office of the Secretary, New York City. 1902. 

Ore Deposits, a discussion republished from the Eog-ineering and Mining 
Journal, New York City, 1903. 

See also Geological Survey of Michigan, vol. i, Part II, -p. 4-3. Vol. vi, 
Part I, p. 216. 

Yet more recent: Trans. Am. Inst. Min. Eng,,Oct., 1902. "Igneous Rocks 
and Circtalatiag Waters as Factors in Ore Deposition," by J. F. Kemp; *"Ore 
Deposits Near Igneous Contacts," by W. H. Wrbd, and discussion of same. 
Annual report of the State Geologist (of New Jersey), 1902. "Copper De- 

Bosit* of New Jersey," by Walter Harvky Weed. "The Chemistry of Ore 
eposition/' by Walter P. Jbnnbv. 
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is the same as that of the beds of the Keweenaw formation. 
It is commonly accumulated in the originally more porous parts 
of the beds. Sometimes these porous parts are sandstones 
and conglomerates, but more often they are porous upper 
parts of lava flows. It is, I believe, true that in many cases 
there are faults parallel to the bedding planes, or so nearly 
so that the difference has not been detected, which have had an 
important influence on the production of copper. In some cases 
we know there are such faults, which generally have a some- 
what steeper dip than that of dips generally.* 

Nevertheless, in a practical way the most characteristic 
feature of these lodes is the porous beds. Any one of these 
l)orous beds may contain copper and there are few of them, 
which are decomposed, that do not show some trace of copper. 
But the parts which are relatively rich, rich enough to be 
the sole object of interest to the miner, are rare, and the mean- 
ing of the idea that copper occurs along high ground is, as 
I understand it. that in following the outcrop of such lode,^ 
chutes of copper are liable to occur where the outcrop of the 
lode is extra high. Xow there is some groimd for this idea. 
If we take the 1 Baltic lode, just developed, we find that in the 
Baltic, Trimountain and Champion mines this is rich, while 
just northeast, on section i6t the Atlantic mine has done a 
good deal of exj)loring without being able to find the lode. 
Rising once more on the high land we find the Isle Royale 
mine close to the deep trough of Portage lake, where, on the 
other side, is the Quincy mine, on high land again. The 
Sheldon and Columbia and Hancock mines, more down in the 
Portage Lake valley, do not appear to have been so successful. 
Going farther north, we find the Calumet & Hecla, Tamarack, 
Kcarsarge and Wolverine mines, not very far froni the Allouez 
gaj:) on the southwestern side ; on the northeastern side is the 
Mohawk mine. Nearer the gap is the Ahmeek property, which 



* The top of the Calumet and Hecla is markedly alickensided. See also 
Volume vi Part II, pp. 86-94-; the slide fault in the Central mine appears to be 
nearly parallel to the Kearsarge conglomerate. The accumnlation of copper 
was in the vein above this slide, and on reactains: the conglomerate they work- 
ed on top of it finding good copper ground. 

The annual report of the Phoenix mine for 1901 shows in tbe section by 
DrNKAR D. Scott, the steeper fault slide in that mine, in the St. Clair Tein. 
The old Minnesota, now Michigan mine, had its largest deposit of copper 
where a steeper fissure intersected a lode. See the report of the Commissioner 
of Mineral Statistics for 1880. p. 76. Copper Handbook, 1902. p. 195. 

t Volume vi, Part II, Plate 10. 
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is just being opened up and whose true value has not been 
determined. If the "high ground" notion has any 
substantial basis, its prospects would not be so good as those 
of the Mohawk and Wolverine mines, although it lies on the 
same lode and between them. The Phoenix mine and the 
Cliff lie on higher land, not far from the gap of Eagle river, 
and turning to the other end of the range we find the Minne- 
sota and the National on one side and the Victoria on the 
other of the gap made by the Ontonagon river, while the Mass 
and Adventure lie on the high land between the Flint and the 

• 

Fire Steel rivers. 

Now, this grouping of mines in accordance with this notion 
that the copper occurs on the high ground may be due to the 
fact that the porous beds are usually eroded, and therefore 
not exposed, and not easily exploited or developed, except on 
high ground. It might also be suggested that the alterations 
which produce the copper had cemented these beds more firm- 
ly and had thus given a greater resistance to erosion, either 
by ice or by water. The copi)er itself, however, even in the 
richest mines, is only a small fraction of the rock, and is 
easily decomposed chemically, and so are some of the asso- 
ciated minerals, and, although at times, copper bearing amyg- 
daloids, as the igneous porous beds are called, are more or less 
saturated with silica and epidote, I do not think those minerals 
are so characteristic of the coj)per-bearing lodes as to lead 
to a relatively greater elevation of such parts of the lode. 
However, there is nn^m here for inquiry. 

I leave to the last another possible explanation which has 
a more direct connection with the theory of the dcix)sits of 
tlie copper. If the copper is dei)osited by descending waters, 
as Pimipelly, who has done by far the most work upon the 
subject, suggested, and the motion of these descending waters 
is determined !)y gravity, descending along the Icxles at one 
branch of the inverted siphon and rising either in the same lode 
at a lower point of its outcrop, or in some cross fissure, which 
might very well Ix? the cause of the gap in the range, then we 
can reaSilv see that the greatest activitv and circulation and 
greatest deposition of the copper consequently, should be 
beneath salient points of the outcrop of the lode. I'ake for 
instance, the Calumet & Ilecla. That deposit outcrops Txx) or 
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700 feet alxive I^ke Su])erior, and the chute of the ricl "a.eT 
streaks in the (lci)osit is northward, and we may imagine tr lie 
waters workin*^^ down in that (Jirection to re-appear over in 
the AHoiiez <^ap or up some fissure which may possibly ha_ vc 
determined the gR\). We see, therefore, that the question as to 
whetlier the copper was deposited by waters circulating: in 
one fashion or another has a practical interest in ii^uidin*^ t lie 
search for the richest parts of the lode. Moreover, Van II :xse 
has suj^g"ested that the richer parts of the lode — called chute!==.- — 
will be found beneath upward bends if the waters of depo ^i- 
tion are ascending, beneath downward bends if the waters of 
deposition are descending. If he is right, which I doubt, in sr*»y- 
ing that the copper of the Michigan lodes are deposited In- 
ascending waters, tlie southern end of the Ahmeek and ^he 
northern part of the Kearsarge properties should be extra p x-'- 
ductivc according to Hubbard's map of the Allouez gap a I'ea 
(X'olume W., I'art II., Plate VII.), but if the waters arc < k- 
scending, the same area should be lean. 

In the first place we may premise that it is a settled qui- ca- 
tion that the copper was deposited by water. All kinds of 
authority agree in this, although at one time a few geolog' "i -^'^ 
thought of its being inserted in a molten state. But nat- ive 
copper and native silver (jccur together, as they could no ^t i^ 
they were melted. They would at once ])e alloyed. Jewelrj]>-' i^ 
often made of sections of nuggets of copper and silver, pc^ y^^' 
larly known as half])reeds, where the sharp and irregular 3.iii<^ 
between the copper and silver is beautifully displaved. We ir^l^'^ 
find C(>j)per grown upon minerals, like analcite and prehi ^mite. 
which one can fuse in a candle flame. It is not very rarc^^ to 
find a sharp crystal of dog-tooth spar entirely plated cr-^vcr 
with copper, and then the growtli taken up again.* Punip^ <^h' 
has given in Volume I. of our reports a most thorough <i'^"- 
cussion of the way in which the copper occurs. A very ^"' 
teresting specimen, owned by Dr. Hubbard, shows a crystn./o/ 
quartz which has been corroded and mainly by native <r^p- 
per. Moreover, in the deeper part of the Quincey mines. Dr. 
Koenig has found a water which is now depositing copper and 
contains () grams to the metric ton of the same. . 



• Sec Volume i, l»art II, Chapter III; also Volttme vi, Part II, pp. 163 to 
165 of our reports. 
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I have shown in my United States Geological Survey water 
supply paper No. 31, on the different waters of Lower Michi- 
g^an, that while each porous bed varies in it^ character of 
water from point to point, yet there is little intercommunication 
between them and it is difficult to see how there could be much, 
except upward along fissures or drill holes. Beds of clay or 
shale arc known to be so impervious to water and to oil, they 
may be taken to be, even in a geological sense, impervious 
layers, permanently guiding and separating the different flows 
of water. The same statement applies to clayey belts of de- 
comix)sed rock, paint rock and fluccan, as \'an Hise himself has 
ably pointed out in discussing chutes and the formation of the 
Galena lead deposits. Thus, it must be remembered, that Van 
liise's figures of underground flow apply only to a homo- 
geneous medium. His figure 5, for instance, might represent 
the flow of water in one single porous bed, say of conglomerate, 
sandstone, or amygdaloid, but not the formation at random. 
It is by no means practically true, therefore, that the zone of 
fracture 'Svill be searched to its base by moving waters,'' un- 
less first it is not only poteiUially but really fractured, so as to 
make it practically porous as a whole, and unless, also, it is 
covered by a surface topography so rr)ugh as to stimulate 
circulation. These two conditions will be best fulfilled in those 
mountainous districts, which as Van Hise remarks, are most 
liable to contain ore deposits, page 416. 

Xow, the difficulty in supposing that the copjxT deposits 
are due to such a general circulation of water taken in at the 
surface, as Van Hise imagines are very great. The following 
is a sample of water from the Arcadian shaft, a relatively shal- 
low shaft, analyzed by Dr. Koenig, August 23, 1898: 

CaCOa 32.7 

j Fe2 03 * 13.7 

( Kaolin 100.0 

FeCOa 24.5 

MgCOs 25.6 

K2CO3 10.9 

NaaSiOs 101.3 

Na CI tr. 

Naa P3 O5 2.2 * 

Na2 CO3 42.3 

Organic matter 82.0 

Total 435.2 - 
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While a deep mine water coming in at the 46th leveKof th< 
Quincy, analyzed by Dr. Koenig, was as follows: 

Sp. Gr 1.1898 

Ca CI2 17.91 

Na CI 2.96 

Mg CI2 

SO3 

Iron 0.004 

Copper 0.009 . 

CO2 0.00 

Now these two q^ialyses are typical. 

The deep w^aters are strong solutions of earthy chlorides. 
A water with nearly i per cent, of bromine oozes in the 45tli 
level of the Tamarack. The shallow waters are high in alka- 
lies, and so low in chlorine that the alkalies have to be com- 
bined with other acids. It is no wonder that alkaline zeolites 
(Kciir in the upper levels. One might explain the loss of car- 
bonates if the upper water was descending by a precipitation 
of the same such as we know has taken place, but I do not see 
that we can so explain the ])resence and absence of chlorine. 
That must, it scans to me, have been an original constituent 
of the deeper rock moisture, either of the sea in wdiich the 
rocks were laid down, or of the igneous magna. Prof. Moore 
in his presidential address before the Liverix>ol Geological So- 
ciety (i<>03, p. 269 j has shown that at the top of a (/) foot 
thick intrusive sheet there is a 10 to 15 foot belt, corresponding 
to the amygdaloids of the Keweenawan series, which contains 
a little over 4 per cent, carbonic oxide and 2.6 per cent, water 
which are, as he believes, ])robably primary. Analysis of the 
Lighthouse Point dyke, which is prol>ably one of the Keweenaw 
flow feeders, shows chlorine, more than enough to go with P_. 
O. for apatite, and the apatite which has been so commonly 
observed (\o\. VI, Part i) also contains chlorine. 

Xote the a])i)arent concentration of the early formed oli- 
vine at the margin. 

Moreover around volcanic centers the escape of vapors 
containing chlorine and carbonic oxide and the formation of 
crusts of iron chloride are common. 

Punipclly furthermore concludes that the water which dc- 
j)()siied the copjKM- was descending. One of the arguments 
which he used is that the alkaline silicates abound in the upi>er 
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ANALYSES OF STONE FROM LIGHTHOUSE POINT MARQUETTE. 

Jtinc 30, 1903. 

SiOo 46.98 47.67 57.25 47.10 

AI2 O3 17.85 17.55 18.10 17.47 

Feo O3 3.13 2.51 2.21 2.66 

PcO 10.30 12.69 12.42 12.93 

MgO 7.10 5.65 6.35 6.88 

CaO 8.47 10.75 11.45 10.27 

Sodium Oxide 2.04 2.21 1.98 1.91 

Potassium Oxide 60 .65 .66 .59 

H2 O at about 800° C 1.97 .35 

H2 Oatll0«»C 1.55 -40 

CO2 20 .18 

P2O5 143 .169 .158 .161 

S 097 .183 .086 .111 

CI 07 .05 .02 .09 

MnO 26 .19 .18 .15 

101.880 102.422 100.744 109.522 

Center 
Distance from margin Margin 616m 4115ni 7600m 

E. E. Ware under dir*-ction of E. I). CAMpnKi.L. 

levels and are (page 40 j rare in ilepth ; "in r)tluT words they 
are abundant in that zone of tlu- veins which lies l)etwecn 
walls of those portions of the lu-ds of the melaphyre in 
which \vc should lr>ok for the most arjvanred staj^^es of altera- 
tion in the components of mela|jhyr<' su|>|M;sing .sueli alteration 
to be due to the action of rlcscendinj^ sr>lution." l»y alkaline 
silicates he means aiialcite. apophyllite, orthcn-lase (and datolite 
is of the same age). Co|>|jfr occurs of similar age in .some of 
these deposits. In studying the alteration (A the lava flows 
which form so large a projM^rtion (A th<* Kew. enawan series, 
I find that the olivine is first tr» alter, then thr angitc, and 
lastly the feldspar. 

There are other arguments which may be iwrl t'.» support 
Pumpelly's theory with regard to the origin of copper. As 
has been said, flown io sav ^iro or ^k)0 U-vX tlu- wal<r of the 
mine is quite fresh. In liw dr«.:j>rr niint> while there is very 
little water it is an extremely strong -«;luti'n of chlorirles. The 
line between the two clas>e> of water i-^ rejx-rted Im be very 
sharp, and there is a chaii»*<; f< r a vtry inter<>ting investiga- 
tion rigfit here. It w^nld -<••:]: ouite dirticnlt \n suppose a 
circulation of this heavy water up into a light fre.>h water. 
especially under high ground, and to imagine that there could 
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be a sharp line between tbem. One would expect to find brack- 
ish waters clear to the surface, and that even if the heavy 
waters rising were diluted by affluents, they would relain the 
same general character, whereas the surface waters and the 
deep waters are chemically entirely different. If there was a 
tendency for the waters to descend, however, the rocks 
might naturally draw in fresh water of entirely different 
cliaracter frixii the outcrop. 




Van llisc might however suggest that the present distri- 
bution of waters is a recent phononieuoii, the present circulation 
being indeed downward, but much later than the origin of die 
copper, 

N'ow if \-a]>nrs oscai)e they nins't be present in proportion to 
their vapor pressure in the lava and can hardly whollj' escape 
but must be present mure or less in the rock moisture of the 
acid iutiTsticc's which 1 have so fully described for the in- 
trusive rocks, lint even in an effusive as the rock (above fig- 
ure) we see UiaL between the crj-stal of augite and that of feld- 
spar, each having its own shape, is an angular space which 
must have been originally a pore filled only with gas probably. 
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In a thoroughly crystalized trap, doleritic niclaphyre or diabase 
tlie porosity is not over i per cent. But in the case of an amyg- 
daloid the amount of vesticular space may have been very 
considerable, and this space must have been filled either with 
t:he original gases or possibly in the case of submarine flows 
^vith sea water more or less contaminated with such gases. 
Such an origin would readily account for the saline character 
of the waters, and it is worth noting that such saline waters 
attack copper as is shown by the fixtures around the salt 
baths of i^ower Michigan. 

Another most weighty argument is the occurrence of cop- 
per native in the iron ores near Crystal Falls.* One can hardly 
imagine this other than produced by descending waters since 
the iron ore is universally allowed to have been fonned by 
descending waters. Moreover it occurs in the upper parts of 
iron ore bodies and is not known to have anv connection with 
lower deposits. It may easily be conceived to have been de- 
rived from an over-lying extension of the Keeweenawan, now 
eroded away. 

Pumpelly supposed that the copper may have been orig- 
inally deposited with the strata, as sulphurets under submarine 
conditions. He was slightly inclined to call the old lavas altered 
(metamorphic) sediments. 

Irving apparently agreed with Pumpelly speaking of the 
copj)er having been arrested in its descent. The more recent 
writers • on ore deposits however seem inclined to refer the 
origin of the copper deposits to the upward risini,^ waters. I'or 
instance Posepny writes as follows : 

"Some of the attempted explanations assume, in my (^pin- 
ion correctly, as the cause of the first ore (le])ositiMns, the acti(^n 
of h<^t ♦springs — in vhi'-ii cotnc^cno'i V i^ only to he emphasized 
these thermal effects occurred loni^ after tlu' intrusinn of the 
eruptive flows between the se<limcntary strata. s«> the ores were 
brought, not by or in the eruf)tives themselves, hut hy the later 
springs, from great (le])ths and j)erhaps from c^isiderahle 'h^- 
tances. This explanation, ajjplirahle to all deposits, >uils also 
the exceptional case cited hy R. 1). lrvin«,^ namely, the None- 



• A. E. Sbaman writes that he has native copper in iron ores from the CHtTs 
mine at Iron Motintain. also with fcrrujyjinons chert from the tenth level of the 
Great Western mine. Crystjil Falls, also from the Montana mine. Tower, 
Minn., where it occurs in the iron ore. 
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sucli copper 1)0(1 in the sandstone of Porcupine mountain, j -a ^ r 

from an eruptive outflow." Posepny seems to have been infli mi- 

enced in the first place by a strong prepossession as to the roCT -le 
. of ascending solutions, and in the second place by the otrm c- 
currence of the ore as a mineral or rarely sulfide aiid not ■ -=k 
carbonate. 

Prof. Van Hise in his very interesting article on ''Son — le 

Principles Controlling the DeiMDsition of Ores," uses the nieta ml- 

lic cupper deposits as a conspicuous illustration of ore dcposi- ts 
where the concentration by ascending w-aters has been sufS^ft- 

cient without secondary concentration by descending watei s, 

writing as follows : 

"In some cases the deposits thus produced are sufficient ly 
rich, so that they are of economic importance. In these casc^^s, 

which undoubtedly exist, but w-hicli perhaps are less nunu r- 

ous than one might at first think, a concentration of ascendii \g 

waters has been sufficient. 

"A conspicuous illustration of ore deposits of this cla_ ss 
which may be mentioned are the metallic copper deposits -^"of 
the lake Superior region. The copper was in all probabili ^y 
reduced and precipitated directly as metallic copper from u 3>- 
ward moving cupriferous solutions. The reducing ageiwi ts 
were the ferrous compounds in the solid form, in part -^^>' 
magnetite and as solutions derived from the iron bcariiT/?^ 
silicate. When the copper was precipitated, the iron w.^is 
changed into the ferric condition. It is well known tl^at me- 
tallic copper once formed is but slowly affected by the oxidizing 
action. Oxidation has, in fact, occurred in the lake Superior 
region, but from the facts now to be observed, not to an im- 
portant extent. An oxidized belt may have formed in pre- 
Glacial times, but if so, it was swept away by glacial erosion, 
and sufficient time has not yet elapsed to form another. The ore 
deposits now worked have apparently remained practically un- 
changed since the time of their concentration. In this fact wc 
have the explanation of the great richness of these deposits to 
extraordinary depths." 

Prof. 11. L. Smyth, of Harvard, has also adopted the 
same ])elief and I have already discussed it in Vol. VI. of our 
reports. Prof. Smyth believes that the various flows were 
surface weathered and the earlier non-alkaline minerals pro- 
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duced thereby. The later alkaline minerals he believes to have 
been associated with, the northerly and northwesternly tilting, 
and the formation and the filling of the fissures and the im- 
pregnation and partial repla<:ement of anngdaloids and con- 
glomerates with copper, the copper not being derived from 
overlying sandstones nor from traps, but probably by ascending 
solutions from deep-seated sources. 

Returning once more to Prof. \'an Hise's paper, we find 
that however his theories may apply to other deposits, they 
apply very largely to copper-bearing rocks. His first premise 
is that the greater number of ore deposits are the result of 
work of underground water. His second is that the material 
of ore deposits is derived from rocks within the zone of frac- 
ture. This would seem to be true, and shall give some argu- 
ments for believing that the copper is derived from the associ- 
ated igneous rocks. His third premise is that by far the major 
part of the depositing water is meteoric. \\y this he means that 
it is derived from the air, rain water which was worked down 
into the ground. In view of the com])osition of the water at con- 
siderable depths above given on the Kewcenawan range, it 
seems probable that this is not true, but that the largest i)art 
of the water may either have been ])urie(l originally with the 
sediments (possibly he would class this as meteoric), or oc- 
cluded in the original magna, as he suggests. It is a subject 
for further investigation, just how much of tliese tliree classes 
of w^ter we have involved. 

His fourth premise is that the Howage of llio underground 
water is caused chiefly by graviiative stress. If this is true, 
and I believe it is. then it follows, as \'an Hise liimsolt lias 
remarked (p. 417), that if the copper is most concentrated 
along the higher parts of the outcrop it must he formed by 
descending waters; moreover, as be also calls attention (p 
412) in case of the minor flexures and pitcliing folds in the 
bed, if the waters are desceiicling the richest parts should l)e 
in the troughs of these folds, or ])ossibly on lines leading from 
an anticline down to the troticjh oi the iolds. Refcrrini'- once 
more to plate jo, of \'ol. \'l.. Part J I., it will Ik- seen that in 
such a case the copper of the lialtic and 'IVinionntain may be 
expected to chute to the north when followed down. So should 
the mines around Calumet, while the (.)uinc\ mine should 



3o8 The American Geologist. November. i904. 

chute southwestward. And yet, as the flowage of water is un- 
der gravitative stress, it must l)e remembered that it will take 
a considerable difference in head for a fresh water to move or 
balance water with a specific gravity of (1.1898) a fifth more. 
However, the Keweenawan series consists mainly of a great 
series of lava flows, manv of them over 100 feet thick. ( See 
as an illustration of this, the section of Tamarack shaft Xo. 5, 
and correlated beds elsewhere given.) They are not likely to 
have lost heat for a long time after their effusion, in fact very 
likely not before their burial under succeeding flows* so that 
for thousands of years the remnant heat of the effusions and 
the heat of the later intrusions mav have aided the circulation, 
and particularly the solvent action of the water, as \"an Hise 
(pp. 300, 346, 774), but more particularly J. F. Kemp and 
others have insisted. And yet the accumulation of copper in 
the Nonesuch belt of sandy shales, made up of lava and sand, 
would indicate that it is the chemical character of the lavas 
' rather than their heat which is of most importance. The 
source of the copper Pumpeliy considers to be sulphides orig- 
inally deposited and bleached out and reduced by the ferrous 
iron. This may be so, and yet it is strange that we see so 
little of sulphides in the original rock or of sulphates in the 
secondary minerals. I have seen some fine selenite from the 

• In the saccesaion of flown noted in the Isle Koyalc drill cores of Vol. VI 
and the Tumarack shaft, and other sections studied if there bad bec-n a long 
intcrral between the flows and they bad been exposed to air. the aniy|g:daloiC8 
would have decayed to red clays and iron ores, and if tbey had been lonjs 
enough under water there would have been more or less deposition. As is 
obvious from the Tamarack section, there is but very little deposition, and 
while there may have been some contemporary decomposition of the amy^d- 
aloids — in fact probably has been, and it may have helped in the copper concen- 
tration, yet in very many cases, it is clear that it did not progress far before 
the next flow came. In fact in some cases an effect on the marginal grain of 
the underlying flow is indicated. Now, for illustration's sake, if (p. 24-5 of the 
Isle Royalc report, Fouque and Levy's observations) an ophite cooling in 
about six days has augite grains 0.03 square millimeters in area, then one 
which has them about 50 square ram. in area. like the Greenstone 120 feet from 
the wall, would take about (6x5t .03) 10,000 days before it bad actually con- 
solidated, that is. it would be between twenty and thirty years before the 
center of a sheet 24-0 feet thick had fully consolidated, and it would still be red 
hot. But the increase of the grain of the augite clean to the center shows that 
it must have been during a very early stage of cooling, and at a glance at 
Plate IV, of the same report shows that after more than ten times that lapse 
of time say, 200 to 300 years, the temperature at the center would still retain 
something like an eighth of its original excess of temperattire over the country 
rock. The temperature toward the margin decreases, of course and the total 
amount of calorics yet left in the flow will be readily found by integrating 
equation (1 1 ) or (12) of the Isle Royale report. Of course the above figures 
make no pretense to accuracy. We have no right to apply Pouque and Levy's 
observations on the grain of a rock of one composition* off hand to another. 
Vet the order of figures is likely to be the same, and it is plain that if the 
Tamarack cross section has some fifty flows, and this section only represents 
a third or less of the whole pile of flows thus rapidly piled on each other there 
may have been temperatures near boiling ten thdusands of years after the 
formation of the pile, during all of which time the zeolites we now see may 
have !)een forming. Obviou«*ly, too, there will be a large amount of energy to 
promote aqueous circulation. 
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Xational mine, but in general vSulpliales are rare. The arsen- 
ides and sulphides that do occur are very peculiar, occurring 
mainly in the veins, and perhaps rather more frequently as at 
mount Bohemia, associated with the acid rocks. There are 
signs that at least at times they are secondary after the native 
cop|)er. It has occurred to me that possibly a ferrous or ferric 
chloride containing a trace of copper was an early volcanic 
emanantion. It is, however, also true that olivine, which is 
one of the earliest minerals to develop, contains ferrous silicate 
with which is likely to be associated a trace of copper and 
nickel. Furthemiore, under the microscope the olivine, an early 
formed mineral, appears to gather at the sides of this dike 
and the top of the flow. Analyses (\^ol. VI. and here) seem 
to indicate the same thing in the variation of the magnesia 
and iron. 

Thus the copper may have been concentrated. First, with 

tile olivine of the amygdaloid traps; secondly, by leaching out 

of tlic olivine which decomposed either by atmospheric action 

and meteoric waters, or immediatelv after the outflow of the 

iav^. intlie presence of the waters, acid and perhaps hot. buried 

witrithis formation; thirdly, by reactions due to the circulation 

^^^^•nward of this water set up by this uplifting of the t^i\\^ii 

^^ t:he great lake Superior synclinal. It must also be renicni- 

^^"^<2d that according to the earlier geologists there has been 

enormous erosion, which, ^according to L. L. Plubbard's theory 

(^ I., p. 94), may be in part replaced by a sliding or the up])cT 

^^<^s on the lower for miles. In either case there may have 

'^^^n a considerable migration downward, in the porous belts 

^^ the formation, of the material of tlie strata and the original 

^^'o.ter thereof. 

There is yet much to be learned, but three things ai)])oar to 
^^'^^ to be extremely probable; the copper was associated witli 
^^e original lava flows; that originally deposited water or gas 
'"^^s been an important factr)r, ])ossi1)ly merely in bringing cop- 
per into solution, and that the water circulation which finally 
precipitated the copper was downward. 

It is apparent, however, that we need to test the rival theo- 
ries. We need to trace some one horizon stnne one ctinglomer- 
atc or flow continuously throut^h and survey it carefully an<l 
accurately to determine the minor llexures. Dr. L. L. Hub- 
bard has done this in. part, but the work is not comj^lete. 
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THE UNTENABLENESS OF THE NEBULAR 

THEORY. 

11. 

By N. MI8TOCKLK8. Minneapolis, Minn. 

TiiK Rr:cii»R()c.\L iNKLiKxcE OF Till': iiE.vvEXLV lum 11 -E=:S 

AND TUK INCLINATION OF TIIK PLANETS' OKRITS TO Timi K 
ECLIPTIC. 

§9. We have already mentioned, in an article in the la :^t 
issue of the American (iEolocist, that it was the relative po5=;. i- 
tions which tlie Sun, the |)lanets and the moons occupy t 
wards one another, that in the opinion of Laplace seemed 
point to such an orip^in of these JKxlies as is presented in tl^ci 
nebular theory. It is proper, therefore, that we now try ^cu 
ascribe this state of things to other causes. 

Since it is the attraction of the Sun which causes tlics 
planets to revolve in their orbits around the Sun, and likre^- 
wise the attraction of the planets which causes the moons t<3 
revolve around the ])lanets, it is ])lain, also, that it is the:? 
same influence which determines, at least in the main part^ 
the relations of the planetary orbits to one another and tr> 
the Sun, and also the relation of the orbits of the moons ic^ 
one another and to the ])lanets. 

The question, then, is simply this: In what manner have 
these relations been established. 

We cannot s|)eak of gravity as the motive force which 
causes the motions of the ])lanets and by virtue of which 
the velocity of the l^^arth, for example, is y2 times that of 
a cannon ball without at the same time supposing that there 
must be a constant tendency, especially between the larger 
planets — Jupiter and Saturn — and the Sun, to draw the 
inner planets, at the time of conjunctions, in a straight line 
toward the Sun. This cannot be denied, since attraction acts 
reciprocally. The case is similar to the one when we as boys 
used to pull tug of war, which was a reciprocal attraction, 
and the result of which was a straight line. This point may 
be better illustrated, however, by supposing a steamship of 
about i(),(K)0 tons carrying cajxicity, or somewhat larger, as 
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reprosenting the Sun. and th\^ :?iiip cr nnected by means ♦;t a 
cable with another ship oi ah«3iit ten t':ns carnin*^ capacity 
repr^senting Jupiter, and tliar these nvo ships w^^ulii pull 
witl"i all their might in oppt^site «iirectii:>ns. We supp<:se. tur- 
tkr, that to the cable — representinij: the f«3rce '-^t i^ravity 
—connecting the two ships were fastened small b<?ats ♦>£ 
troi-ii about 70 to 640 founds carrvin^j- capacity. These 
woxild represent the inner larijer planets. We must then 
certainly admit that the cable, with ':ne ship at either end, 
and the ships pulling with all their i3<Hver in ••■pp«:i^ite direc- 
tions,' would represent a straight I:n«:. it n.-t intiuencol by 
some other force, causin:^ a ditterent r':!suLt. 

Tliose two ships and the :?rr:all '-^ at-f. may bo said t<> be 
^^ conjunction: and such a p:siri«:n is ■?< me times 'xrcupie'l 
f^y all the planets simultane* u-Iy Fhi- happens very -el- 
^^^'^iii. however, but s*>metime< i: -l-es happen. Jupiter. L'ra- 
'^tis and Xepttine tormeti al>'ut a rtrdi:;z:h: line: with the Sun 
'n 1881-82. whereby the inner p-anrts in cr«---inii: thi< line 
^v*v.Te also placed in the same o- niur.<::i' n. T\\r ten-ion i-. 
^* course, greatest during such rp« ch- : ''Ut J-.ipitcr al«»ne will. 
^^ shown in the example aNrvc. Iv Id t:>: • t'tir- .-»t the inn^r 
I^i^nets in the ecliptic or an«>ut idtrntica! '.virh ics <>wn orbit. 
^^'lien they come between him .ird ::ie Sun ctici- in each 
^'J^omalistic period. When w-.-. f':rtl>:r. n- ti.x- thnt W ptunc 
^t a distance of l.ooo miHi- n rr:'-- eX'-Tt- a 'li -turbine: in- 
^Hience on Uranus, which --n-crva:: r:- Iiavc cnvinccd u- 
^i, then we may safely o nsi-!' r i: e-'abli-lu'l lKy«,nd all 
doubt, that the p*.^sitions an-l rc!a:i- ns >.:' tlit- iilaiutary or- 
bits as determined are fixed au'i '.:::c'.:rt:v^^t:tl !..- b\ the rrciji- 
rocal attractions of the ."^un ar. I :l:c p:ar.i:<. AI! lii- i>. 
indeed, simple and natural. .Xn! *:;•> ,v« mil. r^tan.! iha' 
we can explain these piicr-'-rrivii;: v.:*:i< u: -nj)p' -inu. .'t- *.1h- 
cosmologists have <I« ne. t::c ' x:^*t-!i:r « f a nJ>iii.i wi:;* a 
diameter of over ^.oro :::!!!:•.:: :.:':'.:■-. :'\ • r-l^r :•• nialsr i: 
explicable. 

It is equally clear, that rli- iv.'.- ii- hvk -i^bjeci i<» the ^anlo 
kind of attractions, since t'.iev i"r-.:i.i' r.iiv air in e. 'iiiiih'ii"n 
not onlv with the Sun. b'.i: a'.-'~ wirh eaoli «iher. The imu-i 
moon of Mars, for in>ta:iOL. c- ir.'. - lierwcen the Snii ami the 
planet three times a Any 1: apj-cars plain. ilu-rehMi-, thai 
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the influence of the conjunction is the sought cause of die 
parallelism of the moons* orbits with those of <he planets. 

But there are other forces at work upon different prin- 
ciples and leading to different results than that of attraction. 
One of these forces we shall point out presently. Let us 
first, however, notice that the peculiarity which we here 
come in contact with and which the cosmogonists have paid 
most attention to, is the analogy existing between the planet- 
ary orbits and the Sun's plane of rotation ; and also the cor- 
responding analogy between the moons' orbits and the 
planet's plane of rotation. 

Why, we may ask, does not the Sun rotate peri>cndicu- 
larly to the plane of the planets' orbits, as well as in a plane 
identical with them? And why do not the planets rotate 
perpendicularly to the plane of the orbits of the moons as 
well as in a plane coinciding with them ? 

It appears at the first glance as though the planets were 
subject in one way or another, to the force by which the 
Sun rotates, and that the moons likewise have somcthincr 
to do with the rotation of the planets. This is the point 
which science so long, but unsuccessfully, lias sought to ex- 
plain. 

In a following chapter we shall discuss the law of rotation 
and we shall then solve this problem, and show that these 
things are simple, and that they may be easily understood 
after we have found the key to the secret. This key we can- 
not find, however, until we have cleared away a number of 
misconceptions. It often happens, as we shall find, that what 
has been acce])ted as a res].ilt of one single cause only, is 
the result of several causes acting together, and it may even 
be the result of causes which so far have been unknown or 
misunderstood. In order, therefore to explain correctly 
any phenomenon which is a result of a combination of causes, 
we must distinguish each cause and every factor and explain 
them separately. 

§IO. THE CAUSE OF THE INCLINATION OF THE LUNAR 
ORIUT TO THE ECLIPTIC, AND OF THE PERIODICAL OSCILLATION 
OF THIS IxNXLINATION. 

The inclination of the lunar orbit to the ecliptic varies, 
according to C. A. Young, between 4° 57' and 5** 19', the 



Nebular Theory. — Mistocklcs. 313 

o:xtent of the oscillation being" 22 . The maxima and minima 
<^f this oscillation, in general, are not the subject of consid- 
eration in this tFeatise. We propose, however, to discuss a 
peculiarity concerning this oscillation, which hitherto seems 
"to have escaped the attention of astronomers. Tlie fact is, 
that the oscillation of the lunar orbit is, itself, subject to a 
periodical variation, a variation which stands in harmony 
Avith the oscillating activity of the Sun. Iiv demonstrating 
what the cause of this periodical variation is we shall also, 
thereby, have proven wliat causes the entire inclination of 
the lunar orbit to the ecliptic. 

It seems, at first glance, quite natural that this character- 
istic of the oscillation which we shall presently consider is 
due to the Sun's light, since it appears as a result of the va- 
riation of its energy. 

Let us therefore, briefly consider tlie light and the Sun's 
varying activity during a given time, and then compare the 
results with the oscillations of the lunar orbit during the 
same period. 

It is a known fact, that an object facing the Sun, dams 
up the light. We know, further, that the solar rays fall with 
greater strength when they strike an ol^ject perpendicularly, 
than w^hen they strike it horizontally. The result of this is 
the much higher temperature at the equator tlian at the poles. 
Thus we understand that as an object dams up the sunlight 
on the Earth's surface, in like manner does the hearth dam 
up the sunlight in space. The torrid zone becomes the mid- 
dle line in this light-belt, which, thus, lies in the eclii)tic and 
diminishes in density as the distance from this line increases 
on either side. When we remember, further, that light is 
electro-magnetic and as such has a tendency to make the 
ether active wherever it is dammed up, we can no longer 
fail to see that a laver of liHu-atnms or active ether sur- 
rounds the Earth in the ecliptic and very likely reaches a 
distance beyond tlie orbit of the moon. 

This ether, thus acted u])(!n, is diiTerent from et!i,er in 
g'eneral, not only as vibrating and active, InU also as otter- 
ing a resisting force. It ^ecms, then, that it is (►n account 
of this that the moon crosses this zone and inclines to the 
ecliptic, since the resistance met there decreases towards 
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higl-^er latitudes. We shall see what the oscillation proves 
regarding this matter. 

It is a known fact, that the active condition and erup- 
tions of the Sun are varying. Now, since the radiation of 
light is of a certain periodicity and oscillates between niaxi- 
nuim and minimum, it follows that for the same ileason the 
light-stuff around the Earth is of oscillating density; and 
thjC moon in consequence, meets with an oscillating resist- 
ing force. It is remarkable, indeed, to notice that the oscil- 
lation of the lunar orbit stands in very close relation to the 
oscillation of this resisting force, and in a degree which 
seems to answer perfectly to the richness of the light-stuff 
which causes the resistance. By comparing the varying in- 
clination of the lunar orbit to the ecliptic, as it is indicated 
in the ephemeridcs, with several succeeding maxima and 
minima of the Sun's varying activity during the same period, 
we come in possession of the necessary data, which throw 
light on this subject. 

The Sun's activity was at maximum, for instance, in and 
about 1870; we may count it a period of three years. The 
following minimum occurred in and about 1876. The next 
maximum rose high in 1880, but covered at that time a long- 
er period than in the 70's. Eruptions of the Sun to the 
bight of from 100,000 to 400,000 kilometers were observ^ed 
during this maximum for several years. The following min- 
imum occurred in 1887 ; but this minimum did not fall as low 
as the foregoing one, which is generally the case with a 
minimum following a high maxinunn. Thereupon a maxi- 
mum again ])egan to apjjcar, which reached its culmination in 
1892. This is well known to astronomers, and not least from 
the extent of the Sun's corona at the time of the eclipses 
during that period. 

Let us now compare these maxima and minima with the 
oscillation of the lunar orbit during the same period, and 
see if we can find their reciprocal relations. 

The inclination of the lunar orbit to the ecliptic, which we 
have above indicated as varying between 4** 57' and 5° 19', 
fell (luring the niaxinuini activity of the Sun in November. 
1868, onlv to s^ ^) S . ^^ its minimum, and rose in February 
the following year tu 5' 17' 54". This was the highest mini- 
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mum and maximum inclination during that solar maximum. 
In December, 1875, the minimum of the inclination fell to 4° 
58' 42" and its maximum in March, 1876, reached only 5° 16' 
45", which, thus, was during the minimum activity of the 
Sun ; and this was the lowest minimum and maximum in- 
clination, during that period. The inclination during this 
minimum activity of the Sun was 1' 23" less than it was dur- 
ing the maximum solar activity in November, 1868. 

lit like manner the inclination was i' uf greater during 
the solar maximum in February, 1869, than it was during 
the minimum in 1876. In April. 1880, when the Sun's ac- 
tivity was close to its maximum, the minimum of the inclina- 
tion fell to 5° o' 2" and was, consequently, 1' 20" above what 
it was during the preceding solar minimum in December, 
1875. In July, 1883, when the Sun's activity still was at its 
hight, the inclination q^ the lunar orbit fell only to 5° o' 7" 
and rose in October of the same year to 5° 17' 50", which was 
the highest point during that solar maximum. 

During the following solar mininumi, the minimum in- 
clination fell, in November, 1887, 39" lower, and in January, 
1888, its maximum was 51'' lower than during the preceding 
solar maximum in 1883. 

It is important to notice, that as the Sun's minimum ac- 
tivity was higher during this epoch than in 1876-77, $0 the 
inclination of the lunar orbit also stood higher. 

As the Sun's activity now began to increase, the inclina- 
tion of the lunar orbit became relatively greater. Thus in 
April, 1889, its minimum was again the same as in July, 1883, 
or 5" o' 7" and its maximum in December, 1890, 5" higher 
than in October, 1883, or 5° 17' 55", but during the maximum 
solar activity in 1893 it reached the exceptional extreme of 
5° 18' to the ecliptic. 

These data from the ephemerides have been furnished by 
Mr. W. T. Carrigan of the Nautical Almanac Office in Wash- 
ington. 

They are presented below in tabular form togeth-er with 
the solar maxima and minima. 

This shows, conclusively, that the periodical variation in 
the oscillation of the lunar orbit is coincident with the oscil- 
lation of the solar activity, which, as we have shown above. 
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causes the dainmcd-up light-waves in the ecliptic around th 
earth to varv in harmonv with its own variation and als 
further, to transmit the same pericxlicity to the oscillation 
the lunar orbit. 



Maximum and mhninum inclination and 
oscillaiion of ttie lunar orbit. 



Maximum and niiminum solar a 
ivity during the same periods 



1868 Nov. 


-0 


0" 


■5" 






1869 Feb. 




17' 


54" 


Max. 


1868-71 Max. 


1875 l^ec 


4' 


58' 


42 






1876 Mar. 


3 


16' 


45 


Min. 


1875-78 Min. 


1880 Apr. 


- 


0' 


2" 






" Dec. 


-0 


17' 


41" 


Max. 


1880- '83 Max. 


1883 Jiily 


3 


0' 


f 






" Oct. 


- 


17' 


50" 






1887 Nov. 


4° 


59' 


28" 






1888 Tan. 


- 


16' 


59" 


Min. 


i887-'88 Min. 


i8<)2 Feb. 


4° 


59' 


18" 






• Oct. 


-0 


18' 


0" 


Max. 


1890-93 Max. 



We have above called attention to the fact, that the prob- 
able cause of this periodical oscillation of the lunar orbit, 
would prove to be the cause of its whole inclination to the 
ecliptic. That this really is die case, seems to be well demon- 
strated by the fact that the weaker the light-force the less 
the inclination, and that the stronger the light-force, the greater 
the inclination. The reasonable conclusion follows that tlic 
light-zone around the earth is the prime cause on account of 
which the moon intersects the ecliptic. 

The periodical oscillation of the lunar orbit, as here pre- 
sented, verifies the theory of the meteorologists, which holds 
that cyclones are of a magneto-electric character, and are 
originally caused by the Sun, since they follow the rising and 
falling s<-)lar activity in their force and frequency. 

We mav add, further, that if the varition in the radiation 
of light causes the periodical variation in the oscillation of 
the lunar orbit, there can be no doubt about the manifestation 
of the light-force in meteorological phenomena. Hence we 
should find that all these oscillations are verv closelv related, 
originating from the same central force, the Sun, and having 
the same characteristics. 

The following example of the oscillating energy of tor- 
nadoes and other severe storms may be of interest to call at- 
tention to in this connection : 



Min. 
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Tornadoes and severe storms in the United States, re- 
ported by Professor H. A. Hazen, for 1875-1887 inclusive, 
and the maximum and minimum inclination of the lunar orbit 
during the same period. 

Years Tornadoes Inclination of the lunar orbit 

Apr. 5° 1/ 29" 

1875 ^^ Dec. 4 58 42 

Mar. 5 16 45 / 

1876 •• f:8 Min June 4 59 8{ 

Mar. 5 17 32 

^^77 HI Nov. 4 59 35 

Feb. 5 17 S3 

1878 108 Oct. 4 59 15 

Jan. 5 16 59 

1879 08 Apr. 4 59 5 

Apr. 502 

1880 260 Dec. 5 17 41 

Mar. 4 59 39 

1881 169 June 5 17 29 

Aug. 4 59 14 

1882 26() ^ Nov. 5 17 25 

July 5 o 7 I 

1883 589 Max Oct. 5 17 50 ) 

Apr. 5 17 21 

1884 462 Dec. 4 59 39 

June 4 59 43 

1885 374 Sept. 5 17 14 

Auj?. 5 17 52 

1886 243 Nov. 4 59 44 

Feb. 5 17 41 

1^7 183 Min Nov. 4 59 28 I 

Jan. 5 16 59 S 



Max. 



Min. 



The following- facts demand attention : In 1876 the in- 
clination of the lunar orbit was at its minimum, and in like 
manner the storms and tornadoes were also at minimum; 
thereupon the inclination increased, and was followed by an 
increase in violent storms; then a decline in the inclination 
occurred in 1878-79, which was followed by a similar decline 
in the frequency of storms and tornadoes. Tliicreupon the 
inclination rose high the following year, 1880, and the tor- 
nadoes w^hich in the preceding year numbered only 98, now 
reached the number of 269. Again there was a decline in 
the inclination, and again there was a simultaneous decrease 
in the frequency of tornadoes, and as the inclination reached 
its maxinjum in 1883, the storms and tornadoes also reached 
their maximum at the same time ; and as the inclination again 
fell to its lowest minimum in 1887-88, the same epoch was 
also characterized by a minimum for violent storms and tor- 
nadoes. 
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In view of the fact that c>bservations liave recorded a cor- 
responcHng and simultaneous variation in the solar activity, 
it is, indeed, remarkable to notice how the magnetic waves 
from the sun, are registered by the moon as they approach 
the earth and manifest themselves in atmospheric agitations. 

§11. THE CAUSE OF THE LARGE INCIJXATION OF THE ORHITS* 
OF CERTAIN PLANETS TO. THE ECLHmC. 

Observations show, that the eruptions and protuberances 
o*f the sun are greatest and of more frequent occurrence in tlie 
sun's equatorial region, and that the activity of the light pow- 
er, as a rule, is greatest there. From this it follows, that the 
light-stuff is relatively denser and more powerful in the eclip- 
tic than towards higher latitudes on either side of it. The 
swiftest planets, which are nearest to the sun, consequently 
meet the greatest resistance in the ecliptic. Now since this 
resistance decreases in proportion to the rarification of the 
light-stuff north and south from the ecliptic, it follows natur- 
ally thait these planets intersect the ecliptic and incline to it 
in the same manner as the moon. 

For the reason, then, that the light-force is stronger in 
the ecliptic, and most active nearest the* sun, the orbit of the 
planet which is nearest to the Sun and has the greatest ve- 
locity, also has the greatest inclination to the ecliptic. 

Le verier, thus, found an inclination of 12° for Vulcan, a 
small planet l^tween Afercury and the Sun. Mercury has 
an inclination of y° and Venus 3^-2" from the ecliptic. 

The decrease in the inclination of the orbits of these plan- 
ets in proportion to the increase in the distance from tlie 
Sun, is thus a result of two causes, principally, namely, the 
diminution of the light-force and the decrease in the planet's 
velocity simultaneously with the increase of the distance. This 
decrease in the inclination as the distance increases, depends, 
further, upon the size of the planet, since a smaller planet 
meets a greater resistance proportionately to its mass than a 
larger one. Mercury would thus have had a greater inclina- 
tion in the orl.)it of Venus than Venus itself has; and Venus 
would, therefore, have had a less inclined orbit at Mercur>''s 
distance from the Sun, than Mercur>^ itself has. 

This circumstance, that the resistance of the light-force is 
greater proportionally in relation to the power and mass of 
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the smaller planets than to that of the larger, appears to be 
the sole reason for the inclination of the orbits of the minor 
planets between Mars and Jupiter o'f from 8° to 30° to the 
ecliptic. The same condition is, therefore, the cause which 
prevents the reciprocal attraction of the Sun and the large 
planets from keeping the minor planets in orbits parallel to 
the orbits of the large planets. 

In view of this, it is also evident, that Saturn's inclination 
of 23^** to the ecliptic is due to his large appendix of rings, 
on account of which he meets a much greater resistance in 
proportion to his mass than, for instance, Jupiter. 

In conclusion a few remarks may be added as to the in- 
clination of the orbits of the moons of other planets, as, for 
instance, in the case of Uranus. This question I intend to 
deal w^ith separately from the one discussed above. 

I will say beforehand, however, that by a thorough exam- 
ination, w^e shall find at least two forces, aside from that of 
gravity, acting upon the satellites. We shall also find that 
one of these forces is at work most strongly in the outer 
region of the solar system, and afTects the satellites of the 
remotest planets the most and determines the inclination of 
their orbits, while the other one, as shown above, acts strong- 
est on both the moons and planets which are nearest to the 
Sun. For this reason it would be an error to assume, as some 
might be apt to do, that the inclination of the orbits of all the 
satellites to the orbits' of their respective planets is, in all 
cases, due to one and the same cause. 

(To be Continued.) 



EDITORIAL COMMEXT. 



TiiE Stoxi-: Rkkfs of IIkazil. 

The Siotie Reefs of Brazil : Their }:ei>loi;ical ami 'f^co graphical relations, 
ivith a ehapter on the coral reefs. John C. Bkannek; pp. 285, 99 
plates. Riilletiii <;f the Mu>cnni (A Comparative Zo(»logy. vol. 44, 
Cambridge, 1904. 

This volume is the rcsuh of lal)or that has been in hand 
for alx)ut 25 years during which Dr. Branner, in getting the 
information uiK)n which his conclusions are based, has gath- 
ered probably the largcsit library extant on Brazilian and 
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other South American geolog}-. He has repeatedly visited 
and reviewed jx>rtions of the field of study, and finally re- 
ceived the assistance of Dr. Alexander Agassiz by which he 
has been enabled to make a somewhat exhaustive studv and 
final publication of one of the most far-reaching investiga- 
tions. The problems involved are complex and difficult to be 
compassed except by long research and comparative study. 

The subject of this investigation is one that is new to 
geological literature, and the methods of investigation had to 
be determined as the asf)ects of the problem wxre discovered. 
Hence it is entirely an original investigation. The geologists 
of North America may not at the outset take due notice of 
tliis work. But it will repay a careful reading. It brings to 
light some oceanic effects along coast lines which are either 
unknown or at least are obscure and unappreciated. It will 
add a new chapter to the dynamics of oceanic geography . 

Except for minor interruptions due to local conditions 
and agencies these reefs are formed along the east coast of 
Brazil by forces that have acted from Maranhao to southern 
Bahia. Many of the important harbors and the towns located 
on them are due to the existence of the reefs. "Without these 
reefs there would be no Pemambuco, no Rio Grande do 
Norte, no Porto Seguro, no Santa Cruz, to say nothing of 
minor ports like Rio Formoso, Serinhaem, Tuape,- Traicao, 
Mamanguape, and many others where the sugar boats load 
and take refuge along the whole coast from southern Bahia 
to Ceara and Maranhao." 

Nearly all former observers have confounded the stone 
reefs with coral reefs, but the latter arc more extended, run- 
ning ^long the coast from the Abrolhos islands in south lati- 
tude i8^ nearly to the mouth of the Amazon river. Thes'e 
reefs, therefore, both affect that part of South America that 
fonns the great nose or eastern projection of the coast line. 
Dr. Branner thus summarizes their geological and geographi- 
cal peculiarities: 

1. niey are of sand consolidated to a hard — in places 
almost quartzitic — standstonc. 

2. They stand about flush with the water at high tide, 
while at low tide tliey are left exposed like long, low, flat- 
topped walls, with a width of from five meters' to one hun- 
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dred and fifty meters, and a length of from a few paces to 
several kilometers. 

3. They accompany the shore line with many and great 
interruptions, from north Ceara to Porto Seguro, a distance 
of 2000 kilometers. 

4. With unimportant exceptions the reefs do not occur 
along the Brazilian coast beyond these limits. 

5. They usually stand across the mouths of sft reams and 
estuaries, fomiing perfect natural breakwaters for the small 
harbors behind them. Sometimes ihey follow the shore, either 
on the beach or at a short distance from it. 

6. They are all nearly straight. When crooked, their 
curves are gentle. 

7. The structure and position of the reefs and the ani- 
mal remains thev contain show that thev have been made bv 
the lilhification of beach sands in place. 

8. When stone and coral reefs occur together, the stone 
reefs are inside or landward of the coral reefs. It is possible, 
however, that there may be buried coral reefs !n some cases 
to the landward of some of the stpne reefs. 

9. The coral reefs are now growing over and upon the 
stone reefs in some places, wliile at other places there are 
stone reefs overlying dead coral reefs. 

10. In general appearance, elevation, and position, the 
standstone reefs bear a striking resemblance to the coral reefs. 

The cause and history of these stone reefs were found to 
contain the elements of a great many problems", some of them 
reaching back of the present and requiring a study of the 
geographic development of the entire coast line, a study that 
has never yet been attempted. 

After giving a general sketch of the geology uf the r>ra- 
zilian^ coast line and a detailed description of the reels them- 
selves at numerous chief Icx-alities, the author eiueri> upon an 
inquiry as to their cause. Their structure was found out to be 
that of beach sand, loose and irregularly bedded Ik'Iow but 
cemented into firm rock alxwe. throuj^h a thickness oi three 
or four meters, the ct-niejU l)eiiig carlKUiatc »'f lime. It seems 
plain that some cause [Kculiar 10 the r)razilian coast must be 
largely responsible for such persi^trnt otY->hrri' beaches, else 
thev would be a nv re c^MiiiiMn i»hin< iik-ih'U. In but few otiier 
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localities has Dr. Branner lx?en able to find sMai reefs men- 
tioned, viz., about the shores of Asia Minor, to soiiie extent 
about Greece and about Sicily, and upon the shores of the 
Red sea. These bear some resemblance to the stone reefs of 
Brazil and have been produced by the recent * hardening of 
beach sands by the deposition of carlx)natc of lime. 

Consecpiently the inves^tigation resolved itself into the 
(juestion : Why is this hardening of beaches by lime appar- 
ently confined to the beaches of the Levant and those of the 
northeast coast of Brazil? 

The sands were microscopically and chemically examin- 
ed. They are mainly quartz, which is often abundantly sup- 
plied with inclusions. In these inclusions are sometimes two 
or more bubbles, and the inclusions arc then believed to be of 
glass. From this circumstance the quartz is referred to a 
molten magma having a deep-seated origin and is supposed to 
have been derived from granite or some rock formed under 
similar conditions of depth and pressure. It is, how^ever, as 
appears to the writer, more compatible with the granitic tex- 
ture to exclude glass from deep-seated structures, and to assign 
it to surface volcanic rocks. Indeed the presence of glass in 
any rock implies sudden cooling from a molten condition and 
that could hardly take place except at or very near the sur- 
face. If the glass be correctly identified, it is evidence hence 
of surface volcanic rock as the source of the quartz containing 
it. Chemically the cemented Sand's contain over 63 per cent 
of silica, over 2 per cent of carlx>nate of lime, about 5 per 
cent of carbonate of magnesia and very small amounts of soda, 
potash, iron and alumina. 

The author considers and dismisses the following partial 
source? of the material of the cement: 

1. Disfsolved from rain-water, or spray from the beach 
sands themselves; th^t is, carried from the up|)cr layers of 
the sand and deposited in the lower ones. 

2. Deposited from the ocean water after having been 
derived (through agency of carbon-dioxide) from calcareous 
organic bodies in the sea. 

3. Brought df>wn from the land by streams. 

4. Dissolved from calcareous beach siands by fresh (or 
acid) water of streams entering l)ehind them, and redeposite<^l 
while passing seaward through these ^nds. 
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5. Possible influence of climate. 

While all these sources of the calcareous cementation of 
the Brazilian beaches are admitted as contributory to the re- 
sult< they do not, either singly or combined, answer the de- 
mand, because they are not exceptionally local as the beaches 
are, but are world-wide in their operation and would produce 
universal cementation of oceanic beaches. 

The author finds that calcareous deposition from oceanic 
water is in proportion to its density. He reproduces' a por- 
tion of a chart taken from the Challenger reports, (vol. i) 
shv>wing the areas of densest sea watvs over the globe. The 
Mediterranean and the Red sea are densest, and aside from 
those areas the east coast of Brazil and the central parts of 
the Atlantic ocean are repres'ented as approaching nearer to 
them than any other oceanic waters. The westward moving 
tropical current is rendered more dense by evaporation in 
traversing -'the Atlantic from the African shores, and by the 
time it reaches Brazil it is ready to ])art with some of its min- 
eral solutions. The latitudes in which this current impinges 
on South America are coincident witli those of the I>razilian 
stone reefs. Hence the auihor fmally concludes: 

''The cementing material of the Brazilian stone reefs is 
chiefly lime carbonate. 

The hardening of beach sands may be produced in the 
following ways : 

1. By carbonated rain water dissolving out the lime 
carbonate in the upper ])ortion of the calcareous sands and 
depositing it in the lower jjortions. 

2. By the escape of carbon-dioxide from the sea water 
w^hen the surf breaks upon the beaches. 

3. By the escape oi carbon-dioxide fr(»ni sea water where 
where it is wanr.ed by the tro])ica] sun. 

4. By the submaruie esra])e of carl)on-(lioxi(!e from 
about volcanic vents. 

"These processes may liave contrilniied M^niewhat l«) tlie 
hardening of the r»raziHan reefs, but they do not seem coni])e- 
tent to account for them altogether. 'Jlie>e the^Ties are 
eslx^cially incapable of aeoomiting f«>r the lithitication of 
beaches behind older reefs." 

"The di.^tribution of the consolidated beaches of northeast 
Brazil leads to the inference that the consolidation is directly 
related to the densitv of the sea water.*' 
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As to the age of these beaches, they seem to be interbedd ^*(] 
oiily with Pliocene and recent rocks, ahhongh they are built 
against rocks of all ages. It is therefore inferred that tlie 
formation of the stone reefs l>egan in early Pliocene tinit- .s. 
and that it has continued to the present. 

It is" probable, therefore, that the Brazilian coast has been 
extended eastward by this process of land-making and that it 
will continue to be extended until some geological revolution 
diverts or destroys the equatorial current. That branch of 
this current which passes northwestw^ard becomes so diluted 
by the fresh waters of the Amazon that its mineral solution? 
arc carried on and do not serve to cement the beach sands. 
The same change takes place, doubtless, in the w^aters of the 
southern branch of this current, by reason of the greater and 
freer drainage from the land in reaching the southern siil)- 
tropical and temperate latitudes. In the tropics, as' in the 
Levant, the surface waters are largely evaporated Ix-fore 
reaching the ocean. 

The volume is accompanied by numerous plates, taken 
from photographs reproduced in the excellent style for which 
the Museum of Comparative Zoolog}- is known, and by hydnv 
grajDhic charts from the Brazilian surveys and original surveys 
bv the author and his assistants. x. ii. \v. 
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The Geology of the Wat kins and Elmira Quadrattglcs accompanied by 
a Geologic Map; bulletin X. Y. State Museum 8i, 1904; John M. 
Clarke and D. Dana Luthek. 

'[lie Walkins and Elmira quadrangles lie to the east of the Canan- 
daigua-Naples sheet which lias but recently been issued and the work 
now published has l>een carried out as a continuation of the former 
a real mapping. An interval between the two sheets is now in process 
of sur\'fcy. As in the former work the large scale of the map has l)een 
made use of in delineating the variations in the formations with great 
exactitude, since experience has shown that in the terranes under in- 
vestigation Ti reliable basis of discrimination of such refined sub- 
divisions as the authorj, have arrived at can l)e found alone -neither 
in geologic nor in paleontologic data. 



Reznezv of Recent Geological Literature. 325 

The rocks shown upon this map all belong to the late Devonic and 
they have been classed in the following divisions: 

Chemung sandstone and shale 



^, ( Chemung sandst 

Chautauquan J prattsville shale 



Scnecan 



High Point Sandstone 
West Hill flags and slialc 
Grimes sandstone 
Hatch shale imd flags 
Rhinestreet black shale 
Parrish limestone 
Cashaqua shale 
West River shale 
Gennndewa limestone 
Genesee shale 

The distinction between Genesee shale and West River shale (the up- 
per division of the Genesee shale series) which obtains further west is 
still maintained in this region while the Middlesex shale, a distinct 
stratigraphic element, at the base of the Cashaqua shale in the Naples 
quadrangle is no longer recognizable in the Watkins quadrangle. Both 
the Parrish limestone and the Rhinestreet shale have been traced as far 
as Seneca lake, but are not known east of that meridian. 

In the Hatch shales and flags which attain a thickness of 440 feet, 
a distinct oscillation between the areas of the western or Naples fauna 
and the eastern or Ithaca fauna has been observed. 

The High Point sandstone has in this quadrangle furnished cal- 
careous lenses with their characteristic brachiopod fauna. 

The Prattsburg shale, a name proposed in the explanation of the 
Naples sheet for the eastern extension of the Wiscoy shale in which a 
typical Giemung brachiopod fauna appears, is strongly developed in 
the Watkins quadrangle and has furnished a large fauna. 

In order to arrive at the precise use of the term "Chemung" which 
has in late years been more or less identified with the horizon of Spinfcr 
disjuuitus, the authors have found it necessary to return to Hall's 
original employment of the name, since in this eastern region Spirifcr 
disjunctus does not appear until the period of Chemung deposition is 
well nigh over. The region here considered is that from which the 
original definition of the term was derived. This typical Chemung 
attains in the Elmira quadrangle a thickness of 800 feet. 

The aggregate thickness of the Upper Devonic formations repre- 
sented on the sheet is approximately 2244 feet. There are some not- 
able undulations of the strata which present striking northern dips. 

Geology and Water Resources of Part of the Loivcr James River Val- 
ley, South Dakota. By J. E. Todo and C. M. H.\ll. U. S. Gcol. 
Survey, Water Supply and Irrigation Paper No. qo. Pages 47, with 
23 plates. 1904. 
The area here described, partly from t'lcld work by the late Prof. 

Charles .M. Hall, includes the Alexandria, Mitchell. Huron, and De 
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Sniet quadrangles of the national topographic survey. tf.>gcther cov- 
ering a square degree in latitude and longitude. An unevenly er<."Kled 
surface of O^c Sioux quart zyte was enveloped by the Cretaceous scries 
of the Dakota, Benton, Xiobrnra. and Pierre formations, almost level 
in stratification ; and upon these are spread the till and nuiKlified drift, 
with the Gary and Antelope moraines. Artesian wells are obtained 
throughout neaHy the entire district, as also farther north and south 
along the Tames valley, deriving their waters from various horizons in 
the Dakota sandstone, and from higher sand beds included in the Ben- 
ton shales. The numerous maps of this report, and its very abundant 
drafted sections of the strata penetrated by deep wells, give a most de- 
tailed view of the rock formations and the artesian water supply. 

w. u.. 

Ghcial Waters from Oneida to Little Falls. By Herm.vn L. Faikchild. 

Report of the Xcw York State Geologist, 1902; pages rio-r4i, with 

j6 plates, including three folded maps. Albany, N. Y.. 1904, 

Elaborate field studies and maps, with photographic illustrations, of 
the numerpus small glacial lakes and their channels of outflow in cen- 
tral New Vork. east of the great glacial lake Iroquois, are presented in 
this paper. The front of the continental ice-sheet receded northwest- 
ward from this upi>er part of the Mohawk valley, which was thus open- 
ed slowly from Little Falls to Oneida and Rome, before the water 
body in the basin of lake Ontprio c'ompletcd its fall from the level of 
lake Warren to that of lake Iroquois, a vertical fall of alx>ut 440 feet. 

Three stager- in the Late Glacial and Postglacial histor>' of the upper 
Molfawk valley are recognized by Prof. Fairchild, who summarizes 
them as follows : 

**i. The Pre-Iroquois or Glaciomohawk waters. These were hvld 
in the valley during the ice retreat. They would have been lacustrine 
except for the detrital filling, but were probably fluviatile in the secti«.)n 
bcLnv I'tica. 

"2. The Iromohawk river. This great river, draining lake Iro 
quois and the area of the Great lakes, was the predecessor of the St. 
Lawrence ajid was the equal of that river in size and possibly in 
length of life. For some thousands of years it swept the valley, 
trenching the rock barrier at Little Falls and grading its channel to that 
falling base level 

'*3. The Mohawk river, the shrunken successor of the Iroquois 
tlood. 

"ft would be interesting if we could apiwrtion with some certainty 
the work of the three stages. It seems likely that the work of the last 
stage, the pre:.ent river, has been comi)aratively small. The dimin- 
ished river has cut only about 20 feet into the chamiel which it found, 
and is meandering in a discouraged and listless way over the broad 
plain of its gigantic ancestor. It is unable to lower greatly for itself 
the Rxrk barrier. But lx?tween the cflPects of the first two stages the 
decision is not so clear. The Glaciomohawk waters were large in vol- 
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ume and long in life, with great erosive ix^wcr. Perhaps they not only 
denuded the Archcan rocks at Little Falls, but cut these down to the 
terraces under 500 feet. Then the Iromohawk used the remaining 
drift in the valley as an abrasive to rasp down the rock barrier to near 
its present condition, cutting away the valley deposits of the earlier 
stage and grading its channel to the falling outlet." 

The time occupied in the retreat of the icc->sheet from the south 
to the north side of the Adirondack mountains, until it permitted lake 
Iroquois to be drawn down below its Rome outlet, seems to the re- 
viewer to have been probably shorter than it is estimated by the author; 
for the whole duration of lake Agassiz, the largest of our glacial lakes 
and far the longest from south to north, appears to have been no more 
than about one thousand years. 

Furthermore, the time required for the crosic^i of the gorge below 
Niagara falls, comprising both the Iromohawk stage and the Post- 
glacial stage of the present Mohawk river, is shown by the investiga- 
tions of Wright and the present reviewer to have l>een probably no 
more than io,ocx) or even 7,000 years ; as likewise the age of the gorge 
below St. Anthony falls on the Mississippi, from Fort Snelling to 
Minneapolis, eroded during practically the same period as the Niagara 
gorge, is estimated by WinchcU to have Ix^en about 8,000 years. In 
that period, the part belonging to the Iromohawk river, that is. to the 
life of the glacial lake Iroquois, could be only a quarter or a fifth, or 
less, leaving much the greater part of the \ieriod as the lime since 
the front of the ice-sheet retreated beyond our northern international 
boundary. w. v. 
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CORRESPONDENCE. 



Pai..\kont<)I.o(.ia Universalis. — llio writer (ksircs to call tlie :it- 
tciuion of American geologists to the fact that this very impt"»rtanl work- 
has but 21 .subscribers in the United States, while France has 63 and 
Germany jb. Certainly the geologists and geological libraries of this 
coinitry arc not yet supplied with this publication. Fasciculi I and II 
have been issued ; these contain 97 sheets redescribing and refiguring 46 
of the old and little known species. It is intended to issue annually 
from 150 to 160 sheets, treating oi about 80 species, llic annual -uh- 
scription price is $<S.oo. Subscriptions may be sent to G. E. Slechcn, 
Xo. (), East i6th street. New York city. 1'hnse persons or institu- 
tions desiring further information regarding this work, with samples 
of {he ])lates, will be sui)plied on application to professor Charles Schu- 
chort. Yale University Museum, Xew 1 faven. Conn. CH.\s. schuchert. 

The Tvim-: of Avici.'LIpectex. Commenting, in the September 
number of the American' Geouxust. upon a note of mine regarding 
the type specio c^i .Iriculifyrctcn, McCoy, Mr. Wljeelton Hind find- ju-r 
cau-^e to regret that I had not, before writing, seen his monograph 
upon the CarlH)nifcrous L;imellibranchiata. It is so easy to overlook 
publications in these days of redundant literature, that one is loath to 
have the appearance of being thus at fault when really to a consitler- 
able exten.t blameless. Mr. Hind's monograph was one of the fir?t 
works consulted when 1 undertook to ascertain the true character^ of 
. Iviciilipcctcn. I was thoroughly sorry not to find, in the set to which 
1 had recourse, the i)ortion of his work dealing with that genus, and 
ci included, mistakenly as I now find, that it had not yet been publish- 
ed. A short time thereafter, when the work really did come be- 
f(.ro me, an eftort was made to recall my manuscript for rcconsidcr- 
ati« n. l)Ut it wa.s found to have already passed the press. 

The fact, as pointed out by Mr. Hind, that the names thus unwit- 
tingly used in my discussion turn out to be in many cases synonyms, 
is subordinate in importance to my conclusion that the typical species of 
Ai'icnlipcctcn is a quite different one from thtit which he regards as such. 
He remarks upon this point: "I think, in the unfortunate circumstance of 
the absence of any definite indication, that it is a g(Kxl and simple rule 
tD regard the first described species as the type of the genus. All that 
Mr. Girty fias to say as to the locality is imiwrtant, but nevertheless an 
author ha> .some object in view in the arrangement of his species, and 
as McCoy adopted no alphabetical order, we must presume that he in- 
icndcMl . /. hUviirulhiius to be the type." J think Mr. Hind must have 
writt«.n the-; word- I'v i\er>iglu, for as 1 pointed out in my original 
note, McCoy elsewhere arranges his species alphabetically, and in the 
case of the paper containing the generic description of Az'iculipecten 
also, the species, so fnr as their number in each case permits, arc so ar- 
ranged. This is true of the two species A. planiradiatus and A. ruth- 
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X'Ciii. Under the circumstances, therefore, the assumption that by the 
arrangement of the two new forms which he took that occasion to de- 
s<:ribe McCoy intended to designate A. plamradiatus (now, according 
to Hind. A. tabulatus) as the type of Aviculipccten. seems unjustified, 
especially since it is quite certain that A. doccns (now, according to 
Hind, -/. snnicostatus) was the species which McCoy figured to show 
t:hc structures of AzicttlipectcUf and which, according to his own state- 
ment was the one that taught him the distinctive characters of the genus. 
It seems to me clear, therefore, that A. doccns McCoy (^=. /. Hcxuosus 
McCoy=i:.-i. scfuicostatus Portlock) is the only species which with pro- 
priety can be considered typical of Aiiculipcctcn. 

GEi:)RGE H. GIRTY. 



PERSONAL AND SCIENTIFIC NEWS. 



Dr. Edward H. Kraus has been appointed instructor in 
mineralogy at the University of Michigan. 

Among the topograpjiical maps recently issued by the 
United States Geological Survey are the follcnving: Park- 
ersburg, W. \'a. ; Vanceboro, X. C. ; San Diego. Calif. ; Apal- 
achin. N. Y. ; Boston, Mass.; l^astrop, Texas; Honeoye, X. Y. 

James Walter Goldtiiwait, of Lynn, Mass.. has been 
appointed instructor in geology in X'orthwestern University. 
Mr. Goldthwait took his college course at Harvard, where he 
has also done graduate work and where he has been for two 
years past teaching fellow. 

The fourth New England intercolleglxte geological 
field excursion was held at Worcester, Mass., on Saturday, 
Oct. 22, under the direction of Mr. Joseph IT. Perry of the 
Worces'ter High School. Tlie excursion was attended by over 
forty persons, including representatives of Amherst, Harvard, 
Massachusetts Institute of Technolog}-, Smith, Wellesley, Wil- 
liams, Worcester Polytechnic, an<l Yale, and of St. Mark's 
School, Worcester Academy, Worcester High School and 
WoTxrester N'ormal School. A general statement O'f the prob- 
lems to be studied was made by Mr. Perry on the evening be- 
fore the excursion in the rooms of the Worcester X^atiiral His- 
torv Society. The field ](X\'ilities showed outcrops and nuarries 
of slates and quartzytes, assigned to the Carlx>niferons pcrirKl. 
greatly deformed and eroded, with many large and small gran- 
itic intrusions. An excursion to some ]v-)int on the sea ctjast 
will probably be made next year. 
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rMTICI) STATES GEOLOGICAL SL'RVEV. 

The Secoml Annual Reix)rt of the Reclamation Service, a 
volume of 550 pag-es with majis and illustrations, has re- 
cently been issued as House LKxument 44. fifty -eighth Con- 
gress, second session. This rei>ort contains an account of the 
results Accomplished during the field season of 1903. 

"Bibliography and index of Xcrth American geology, 
paleontology. jK^trologA' and mineralogy for the year i(>03," 
by l\ I). VX'eeks, has recently been issued as Bulletin Xo. 240. 

The forthcoming volume on mineral resources cc^tain^, 
for the first time since 1898, tables showing the result of an- 
alyses and tests of Imilding* stones. 

The a>al and coke resources of the Latrolx\ Pennsylvania, 
region are describe<l by W. R. Campbell in Folio X<>. no. 
which lias been recently issued. 

Tlie magnesite pnxluct of the United States came last 
year entirely from California. Special mention of this sub- 
stance is made by C. G. Yale in the "Mineral Rescntrces for 
1903.'* 

The Xew York Academy of Sciences. Oct. 17. The pro- 
gram, of the evening consisted of a lecture by E. O. ITovey. 
on "St. X'incent. British West Indies. The Eruptions of U)02 
and their immediate results.'' 

The author gave a summary account of the results (obtain- 
ed on two expeditions undertaken by him for the American 
Museum of Xatural History in \()02 and 1903, for the study 
of the volcanic eruptions of the Soufriere which ])egan in 
]May. 1902. Particular attention was devoted to the heavy 
coating of volcanic ash deposited ujx^n the northern jx^rtion 
of the island of St. \'incent and the ash-filling of the gorges 
of the Wallibou and Rabaka Dry rivers, the devastation 
wrought in the forests and on the plantations within a radius 
of alxHit fi\'t' miles from the crater and the phenomena of pri- 
mary eruptions observed in the crater and of secondary* erup- 
tions observed in the Wallibou and Rabaka ash-l)eds. The 
nature of the exploding eru])ti(^n cloud was discussed and it 
was sbown how the heavily dust-laden steam cloud kept close 
to the surface of the ground under the influence of gravity 
while its initial velocity was furnished by the horizontal com- 
ponent of the ex])losion. 

About eighty lantern-slides were used in illustrating the 
speaker's reiiiarks. 

I'he result of ballot for officers was the election of E. O. 
Hovey for vice-president and chainnan of the Section of 
Geology and Mineralogy, and Dr. A. W. Grabau of Columbia 
Universitv for s'ccretarv. 
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INTRODUCTION 

From fifteen to twentv miles east and southeast of Colum- 
tms are interesting exposures of most of the formations com- 
posing the Waverly series. These formations are shown to no 
better advantage at any other place readily accessible from 
Columbus and heretofore these localities have been either 
very imperfectly described or not at all. A study of these 
rocks has furnished additional information regarding the char- 
acter of the Waverlv formations in central Ohio which is con- 
sidered of sufficient interest to warrant publication. Some of 
the sections were first studied while engaged in areal work on 
the East Columbus quadrangle for the U. S. Geological Sur 

* Pnblisbcd by permission of Kdward Orton. Jr., State Gcoloj^ist of Ohio. 
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vey in which Dr. Edgar R. Cumings ably assisted; but later 
they have been given a more thorough detailed study by the 
senior author. 

The greater portion of the region under discussion is the 
hilly country in the northwestern part of Fairfield county and 
northeastern part of Pickaway. Although the edge of this hilly 
district in a direct line is only 15 miles or a little farther south- 
east of the Capitol in Columbus it has never been described. 
In many respects it affords the most satisfactory exposures of 
the Waverlv formations to be found in central Ohio and on 
this account is of especial interest to the stratigraphic geologist. 

The hills just enter the southeastern comer of Franklin 
county bordering Big run for about one mile, the northwest- 
ern limit of which is alx)ut four miles southeast of Groveport. 
It is really a i)latcau dissected by numerous small streams, giv- 
ing the topography a somewhat rugged aspect and the excel- 
lent exposures of the various formations are due to the eroding 
agency of these streams. 

The geology of Franklin county was described by Dr. 
Orton and the **\Vaverly group" is represented on the geolog- 
ical map of the county as crossing its southeastern corner,* 
but there is no account of the Waverly formations as shown in 
the broken country where Franklin, Pickaway and Fairfield 
counties corner. 

LITHOPOLIS AND VICINITY 

In the narrow glen running parallel with the main street of 
Lithopolis, Fairfield county, known as Leyndecker glen or 
Dutch Hollow, which forms the northeastern boundarv of the 
village, occurs one of the best sections to be found in central 
Ohio for studying the relations of the lower formations of the 
Waverly series. Tlie exjxxsures begin with very soft argil- 
laceous shales capped by compact, heavy beds of Berea grit at 
* a distance of about one-half mile below the highway bridge 
crossing the glen. This lowest shale probably belongs at the 
top of the Ijcdford formation while the Ohio shale is not seen 
in the immediate vicinity of Lithopolis. It may be seen, how- 
ever, on the banks of the Little Walnut creek at both crossings 

♦ Kept. Geol. Surr. Ohio, vol. iii, 1878, op. p. 600. 
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on the roads from Canal Winchester to Lithopolis. The de- 
tailed section of this glen is given below. 

Lithopolis Sectiofi 

Total 

No. Thickness, thickness. 

16. Cuyahoga formation. Bank on western side 14' 114H' 

of Joseph Leyndecker's quarry shows 14 feet 
of shales and thin sandstones to the soil on its 
top. 

15. Sandstone stratum, which on the eastern bank I'p" loo^^' 

of the quarr>' is i foot 5 inches. 

14. Rather sandy shales with two or more thin $'4" 99' 

sandstones, from 4 to 8 inches in thickness. 
This zone on the eastern wall is 5 feet 5 inch- 
es in thickness. 

13. Light gray compact snndstone which forms 2' 93'8" 

a prominent stratum on the banks of the quar- 
r>'. It varies in thickness on the western bank 
from I foot 10 inches to 2 feet i inch, is 2 
feet 8 inches on the southeastern and reaches 
2 feet II inches in the eastern bank where it 
is verj* compact, but splits into two layers. 

12. Dark to bluish-gray rather sandy shale which ^'6" 9i'8'' 

is 3 feet in thickness on the eastern wall of 
the quarry, 3 feet 9 inches on the southeast- 
ern and 3 feet 6J/^ inches on the western wall. 

II. Top of Bucna Vista member. Zone of two br s'-j- 88'2" 

three sandstone layers, alternating with shales, 
which is 4 feet 8 inches thick at the southern 
end of the western bank, 5 feet at the north- 
ern end of the same cliff and 6 feet on the 
eastern bank. The section at the routhern end 
of the western bank from the base up is 3 
inches sandy shale, i foot 10 inches quite mas- 
sive sandstone, i foot 5 inches bluish argil- 
laceous shale and i foot 2 inches sandstone ; at 
the northern end of the same bank the lithol- 
ogy has changed as follows: 3 inches shale, i 
foot I inch sandstone, i foot i inch shale, i 
foot 2 inches sandstone, 4 inches shale and i 
foot I inch sandstone. On the southeastern 
wall the section of this zone from the base up 
is SV2 inches blue shale, 2 feet 5 inches sand- 
stone, I foot 8 inches shale with i foot of sand- 
stone at the top. The quarrymen tell me that 
the middle sandstone noted at the northern 
end of the western bank begins with a harder 
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layer of shale in the 20 inch shale stratum of 
the southeastern wall and g^radually increasing 
in thickness could be followed, before the 
bank was partly covered by talus, from this 
point to the northern end of the quarry's west- 
en? wall. The section of this zone on the east- 
ern bank is as follows : 5 inches thin sandstone 
to shale, i foot 5 inches light gray sandstone, 
10 to II inches dark gray argillaceous shale, 
I foot sandstone, 5 inches argillaceous shale, 
I foot 3 inches light gray sandstone and 8 
inches sandy shale to thin sandstone. This 
zone is shown in Fig. i where Mr. Wilkin- 
son's hand indicates its top while he stands on 
top of No. 10. 
10. A massive, fine grained light bluish sand- 3'6''± 83V 

stone which is the most valuable stratum in 
the quarry, varying in thickness, as meas- 
ured on the quarried blocks, from 3 feet 2 
inches to 3 feet 9 inches, and the quarrymcn 
report that it varies from 2 feet 6 inches to 4 
feet 2 inches in thickness. This layer is a valu- 
able freestone, and Mr. Leyndecker states that 
it received a prize at the Columbian Exposition 
at Chicago. 

9. Banks of the creek below the covered bridge 2?±' 7o'8' 

show that this interval consists of dark gray 
shales alternaiting with sandstones, which va- 
ry from 5 inches to i foot 2 inches in thick- 
ness. 'I'his is a rather difficult interval to 
measure with a hand level and the results dif- 
fer somewhat: but the writer recently made 
it 25 feet and his assistant Mr. J. A. Wilkin- 
son 27 feet 3 inches. 

8. Sandstone stratum i foot 7 inches thick, 10 4'8'' 54*8* 

inches shale and heavy bhiish sandstone stra- 
tum 2 feet 3 inches thick at base. 

7. Gray somewhat arenaceous shale, and thin 4'2*' 50' 

sandstone layers. 

6. A heavy layer of blue, iron-stained sandstone, 2'io'' AS'lo' 

which forms a small fall in the stream and a 
little below may be seen on its eastern bank. 
In the fall al)out 8 inches of the sandstone 
reniain> which is shown in Fig. 2. This ap- 
parcnlly corresponds to the *'City Ledge" 
in the Ohio cliffs near Buena Vista. 

5. Gniy argillaceous shale, which is very soft and 5' 43' 

gritless. On the bank of the stream a little 
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below the fall 4 feet 2 inches is shown and 

probably the thickness of the zone is a few 

inches greater. Mr. Cumings gave this shale 

as s± feet and Mr. G. F. Lamb makes it just 5 

feet. The base of the shale marks the base of 

the Cuyahoga formation. 
4. Sunbury shale. Black, fissile shale, in very 28it' 38^ 

thin laminae, considerably iron-stained on old 

exposures. A little above its contact with the 

Berea the shale forms a bank 154- feet high on 

the western side, where some of it is rather 

grayish in color and softer than it is generally 

found. Farther up the stream on the op- 
posite side is another 15 foot bank of black 

shale, above which is the mainly covered gray 

shale zone at the base of the Cuyahoga forma- 
tion, capped by the overlying sandstone. The 

contact of the Sunbury shale and the shale 

zone at the base of the Cuyahoga formation, 

however, may be seen in the bed of the stream 

a short distance below the fall formed by No. 

6 of this section. 

In the bed of the stream, y/2 inches above 

the top of the Berea grit, is a thin, but 

very fossiliferous zone. This is the one al- 
most universally found ver>^ near the base of 

llie Sunbury shale and at this locality con- 
tains numerous specimens of Litteula mclie 

Hall, some of a larger Lingula, Lingulodis- 

cina XriK'bcrryi (Hall) Schuchert and frag- 
ments of fish. It is somewhat difficult to 

measure the thickness of the Simbury shale 

with a hand level on account of the distance of 

the sights, but careful measurements by 

Messrs. J. E. Hyde and G. F. Lamb make its 

total thickness 28-^- feet. 
3. Berea grit. The top of this •^iindstone forms 5'± 10' 

the fl(X)r of the stream and a small rapid just 

below the base of the black shale. The upper 

part contains plenty of iron pyrites and ripple 

marks occur in the upper layers. The rock 

which is fairly coarse grained, gray in color, 

but greatly iron-stnined on the weathered sur- 
face, forms a ledge on the eastern bank of the 

creek, ju-^t below a fence. On the bank 4 

feet is shown, to which porliai)s a foot or more 

ought to be added in order Xo reach the top of 

the sandstone in the bed of the srtream. From 
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the base of the sandstone as exposed in the 
bed of the stream to its top 4 feet 8 inches 
is shown. 

2. Very soft argillaceous shale, of drab color 3' 5' 
which probably is at the top of the Bedford 

shale. 

1. Covered to stream level. 2* 2' 

Several important stratigraphic facts are brought out by a 
study of the Lithopolis glen and others to the southwest of that 
town which will now be discussed. In the first place it will 
be noted that there is a remarkable thinning in the Berea sand- 
stone when this section is compared with the one on Rocky fork, 
where it has a thickness of 37 feet,* as shown in a vertical sec- 

*In my former descriptions of Rocky fork there has been some uncer- 
tainty regarding the base of the Berea grit and its thickness (See Journal of 
Geology , Vol IX, 1901. pp. 217. 218 and Vol. X. 1902. pp. 276-278. 328.) In 
the latter paper a concretionary layer of sandstone — No. 2 of the section on 
page 278 — was described, which showed a llthologic change from the clay 
shales of the Bedford, regarding the stratigraphic position of which there 
was uncertainty as to whether it should be included in the Bedford forma- 
tion or regarded as forming the base of the Berea. In going up the stream 
this concretionary layer is clearly shown In the next cliff, on the same side 
of the stream as the one mentioned above, and then may be found at the 
base of the lower end of the cliff on the opposite bank and somewhat farther 
up the stream. Formerly the lower part of this cliff was covered with debris 
but the floods of the winter and spring of 1904 have swept it clean so that 
the bed rocks are shown to water level. The stratigraphy of this portion 
of the three cliffs Is In harmony : the concretionary layer was carefully lev- 
eled from the middle to the upper cliff and found to occur at the same ele- 
vation ^ while the concretionary layer at the middle of the upper and lower 
cliff is so nearly at the same level that no difference could be noted in the 
barometric readings. It might be considered better by some to regard the 
base of the Berea as beginning with the sandstone No. 5 of the section on p. 
278 ; but the tuickness of the shale zone. Nos. 3 and 4 decreases as It Is fol- 
lowed up the stream, apparently by the llthologic change of the upper arena- 
ceous shales into thin sandstones, and hence It Is believed preferable to con- 
sider the concretionary sandstone — N(k 2 — as marking the base of the Berea 
formation. The thickness of the shale zone is 10i<. feet In the lower cliff. 
7 feet 4 inches in the middle one. and 3 feet 4 Inches in the upper. Near 
the lower end of the upper cliff an almost vertical wall gives 37+ feet as the 
total thickness of the Berea formation. The section of the cliff is as follows : 

No. 

7. Sunhuru hiack shale, only base shown. 

6. Top of Berea sandstone. Mainly fairly massive 

sandstone. 
5. Alternating shales and sandstones, the layers 

of the latter 04. Inches in thickness. 
4. Arenaceous shales with thin sandstone layers. 

lowest one with ripple marks. 

3. Shale zone with quite arenaceous shales at the 
top. 

2. Sandstone stratum at base of Berea formation 
which is concretionary in places. 

1. Top of Bedford shale, which is bluish-gray and 
quite arenaceous at the top, 3+ to the bed 
of the stream. 

This cliff is shown in Fig. 3 where the lower student stands on top of 
No. 2. while the upper students indicate the top of the Berea sandstone. 

The section published on T>age 270 of the former paper was measured 
near the upper end of this cliff, when the concretionary stratum was cov- 
ered, and the shale at tht? bottom — No. 1 — Is the continnatlon of No. 3 of 
the section at the lower end of ihe cliff and therefore belongs In the Berea 
formation Instead of the Bedford. 

A later measurement near the upper end of this bank gave the following 
section : 



Thickness. 


Total 
thickness. 


15'8' 


41'8'' 
40'2* 


14'11*' 


24'0'' 


2'9* 


9'7'' 


3'4'' 


6'10- 


e'rfc 


S'e" 


3'± 


3' 
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tion of the bank of th-e stream, about two miles north-east of 
Gahanna and fifteen miles north of its exposure in the Lithop- 
olis glen. 

Second, in this and other glens to the southwest of Lithop- 
olis the entire thickness cf the Sunbur>' shale is shown, while 
the previously best known section in central Ohio, the one on 
Rocky fork, exposes only the lower eight feet of this shale. 

Third, the close agreement in lithologic composition and ar- 
rangement of the strata in the upper part of the Buena Vista 
members and the succeeding beds as shown at Lithopolis and 

in southern Ohio.* 

* 

Total 
No. Thickness, thickness. 

4. Sunhurff shale at top of cliff, where estimates of ^¥i' 40' 

thickness vary from 2% to 3H feet. 
3. Herra nandstones, the lower ones alternating 32' 36% 

with shales. 
2. Arenaceous and argillaceous shale. 4' 4*4' 

1. ^'andstone layer. Ms' H' 

C. S. Prosskr. 

•Buena Vista as the name of a geological division w^as first used hy Dr. 
Orton in his report of Pike county and published in 1874. In this description 
he wrote as follows regarding what is now called the Cuyahoga f(>rraation : 

"The next division In ascending order has for its chief characteristic the 
well-known and very valuable quarries of the Waverly svstem that lie along 
the Ohio river below Portsmouth. This subdivision has a dpflnito base, 
viz.. the npper surface of the Waverly black slate [Sunburv shale] but there 
is no characteristic stratum that constitutes a convenient superior limit. 
As the most valuable of the building rock, however, that Is furnished by this 
part of the series in southern Ohio occurs within fifty feet of the slate, these 
fifty feet n«»xt above the slate may be somewhat arbitrarily taken as a sub- 
nlvision. It may be designated as the Buera Vista section — the name being 
derived from a locality on the (»hio river that furnishes a large amount of 
stone of unequaled quality" (Rrpt. Gcol. 8urv. Ohio, Vol. TI, pt. 1, p. 626). 
It is now proposed to revive this name, define the upper limit and use it for 
the lower member of the Cuyahoga formation. 

Dr. Orton*s usage of the term Buena Vista was not uniform, for In the 
general sections of the rocks of Koss and Pike counties In the same report 
the name was restricted to 10 feet of sandstone between which and the top 
of the Waverly black slate [Sunbury shale] was a shale zone '6o feet in 
thickness (Fig. 1. op. p. 615 and Fig. 2. op. p. 61S). In the Ohio valley 
very near the base of the Cuyahoga formation is an excellent sandstone 
which has been quarried for many years in the vicinity of Buena Vista. 
This stratum was noted by professor John Locke in his geological account of 
Adams county and termed the "City ledge" on account of the great extent of 
its use in Cincinnati (Second Ann. Repi. Oeol. 8urv. Ohio. 1830. p. 264). In 
1884 Dr. Orton apparently restricted the name Buena Vista to this stratum 
for he wrote "(drains and nuggets of nvrites apoear in the shales associated 
with this sandstone, but are not very perfectly visible to the naked eye in 
the city ledge (the name now applied to the stratum oroper of Buena Vista 
stone)" (Rept. Gfol. Surv. Ohio, Vol. V. p. 602). The same statement by 
Dr. Orton also appears in the Ti-n1h Census V. S.. Vol. X, 1884, "The building 
stones of the tnlted States and statistics of the quarry industry." p. 108. 
In 1888, however, Dr. Orton apparently returned to the opinion expressed 
in the text of his report on 1 iKe county for under the description of the 
Cnyanoga shale he wrote as follows: "By good rights the shale should suffer 
one more reduction at its lower extremity. Everywhere through the state 
there Is found directly above the Berea shale, or at a short remove from it, 
a nnmber of courses of fine grained stone. ♦ • • • • 

It would have been well if tne thirty or forty feet containing these 
conrseB had been cut off from the Cuyahoga shale, in which case the division 
thus formed would have been well named the Buena Vista stone, but Inas- 
much as the series does not absolutely require the change, it is left unmodi- 
fied" (Rept. Oeol, Surv. Ohio. Vol. VI, pp. 37. 38 : and the same statement 
wag republished by Dr. Orton in i80.'» in Vol. VII. on p. 31). Apparently in 
these last two accounts of the Geological Scale of Ohio Dr. Orton had forgot- 
ten that in 1874 in the Pike county report he had proposed that the fifty 
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Fayler run, a tributary of Big run, on the S. M. Oyler 
farm, about one-half mile west of Lithopolis, shows part of the 
Bedford and Sunbnry shales and the Berea sandstone. The 
farm is on the road leading southwest from Lithopolis to the 
county line road and the exposures are to the northwest of the 
road and house. The section is a short one; but the run cuts 
through the entire thickness of the Berea sandstone as is shown 
below: 

feet of sandstone and shale succeeding the Waverly black slate [Sunbury 
shale] should be "desiiniated as the BueuA Vista section." At the time 
of the preparation of my paper on the Sunbury shale oi Ohio I had overlooked 
the Buena Vista section so proposed by Dr. Orton In the text of the Pike 
county report and at that time I thought he had definitely anplied the name 
Ruena Vista sandstone only to the "City ledge" or what was considered its 
equivalent and hence I used the name in that sense (See Jour. Oeoh. Vol. X., 
1002, pp. 288-2t»^K Prof. C. L. Herrlck in 1891 in his Portsmouth section 
gave the "Flags of Buena Vista*' with a thickness of 25 feet (Bull. GeoL 
Soc. Amer.. Vol. II, p. 40). 

Since the stratigraphic term Buena Vista was used by Dr. Orton with at 
least two values, it is necessary to make a selection and its definite applica- 
tion In the Buena Vista section of the Pike county report to the fifty feet 
of shale and sandstone overlying the Waverly black slate (Sunbnry shale) 
is the one which has been adonted. This will designate the lower portion of 
the Cuyahofra formation which in at least central and southern Ohio con- 
tains valuablte layers of building and construction stone and may very ap- 
propriately be regarded as forming a lithologic division which is designated 
the Buena Vista numbrr of the Cuyahoga formation. 

In southern Ohio the upper oart of the member contains a variable num- 
ber of even bedded sandstones which are extensively quarried and to this zone 
apparently proiessor Ix>cke applied the term "beautiful quarry" on account 
of "the perfect parallelism, and, in many instances the uniformity of the 
thickness of the strata" (Second Annual Rept. GeoL 8urv. Ohio, 1839. p. 
2<)4). In the Ohio valley the top of this zone of even bedded quarry stone 
is apparently a definite and well marked stratigraphic horizon above which 
are thicker beds of shale with sandstone which Is not valuable for quarry- 
ing. This contact is admirably shown In the quarry of Mr. John Wright about 
2^4 miles up CTarey run from the river road after crosstne the Scioto valley 
west of PortRmouth, and Is shown In Fig. 4. where Mr. Wilkinson Is point- 
ing to the top of the Buena Vista member. 

Succeeding the quarry stone is a zone of blue to olive shale three feet or 
more in thickness, then a zone of shale and sandstone varying from 2+ to 
3-h feet in thickness, both of which are clearly shown in Fig. 4, above which 
is a cunKT)i('uouK argillaceous shale zone about 5 feet in thickness! The lith- 
ologic similarity of this part of the section was found to remain quite con- 
stant In the various quarries and outcrops studied In the hills for several 
miles below Portsmouth. The top of the Berea sandstone and the Sunbury 
shale are nicely shown in Stony run, several miles below Portsmouth. About 
three-fourths of a mile up the run, a bank and the James Amlin quarry gave 
the thickness from the top of the Sunbury shale to the top of the quarry 
stone as 4MI2 fe<^t. This thickness of 48H feet for the Buena Vista 
member is in close agreement with Dr. Orton's original statement of 
fifty feet. Profpssor Andrews gave the thickness of what is regarded 
by the writer to represent the Buena Vista member as 75V4 feet (See 
his '*Se<tion of Waverly rocks from the (ireat Black Slate to the Sub- 
Carboniferous Limestone, as seen on the Ohio river," on "Maps showing 
the Lower Coal Meosures" in Ocol. Surv. Ohio, pt. II Rept. Prog. 8cc. IHst. 
[in 1S(;J)1, 1870.) : but in this j>art <»f the section is the statement that a 
sandstone and shale interval of 29V'! feet was not measured and it is 
thouf?ht the liiickness of this interval was over estimated. 

At Lithopolis it is more diificult to accurately measure the thickness of 
the liuenn VIstn mcmhi»r than at the locality cited below Portsmouth ; but 
at the former locality Nos. .'» to 11 inclusive of the section are referred to 
the Itueua Vista with on aporoximate thickness of 49 V^ feet. A recent 
measurement of this member by Mr. George F. Lamb gave 51 feet 11 inches. 

Nncci'edlnjf ilio even bedded quarry stone at the top of the Buena Vista at 
Lithojxilis is a conspicuous shale zone capped by a sandstone which Is In 
striking iiKreeinent with the section below Portsmouth. 

C. S. Pbosseb. 
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No. Thickness. 

3. Sunbury shale, thin laminated black shale only 2o'9' 

the base of which is shown in the run, but 
higher in the field 20^ feet. 
2. Bcrea sandstone. Thin, irregular bedded z'y" 

brownish to rusty colored sandstone, 3 feet 
7 inches on the northern bank and 4 feet 2 
inches on the southern. 
I. Bedford shale. Upper part is bluish-gray I3'6'' 

soft argillaceous shale. A little farther down 
the run near the base of the exposure is some 
mottled gray and faintly chocolate colored shale. 

SECTIONS SOUTHWEST OF LITHOPOLIS 

Big run. the largest southern tributary of Little Walnut 
creek, crosses the county line road near where Franklin, Pick- 
awav and Fairfield counties corner. Bedford shale is soon 
reached on this stream when it is followed above the county 
line road crossing, considerable of which is of reddish color. 
Less than half a mile above the road crossing on the land of 
Mrs. L. J. White, the western bank of this run is about 35 feet 
high and composed entirely of Bedford shale. The lower nine 
feet is chocolate to mottled in color, while the remaining part 
is mostly grayish. In the shale about 18 feet above the stream 
level is a large concretion. The shale in the bed and banks of 
the stream from the base of the cliff just described to a point 
above the second branch from the east is mainlv reddish in 
color. 

Hartman Run Section 

The first branch from the east, a few rods alx>ve the high 
western bank, is on the land of Mrs. S. E. Hartman and may be 
called Hartman run. It gives the following section : 

. ^ Total 

Xo. Thickness, thickness. 

7. Cuyahoga formation.. Alternating l>ed> of 21 So'S" 

grayish fine grained sandstone and bluish 
argillaceous shalc> arc shown for some dis- 
tance up the run. 

6. Fairly maisivc, grayish, arcrillace<.>ii^ '^and- 5'-^ 59'8'' 

stone which has been quarried fi a >light ex- 
tent. 

5. Drab. ver>' soft argillaccou- -halt- which 4' — 54'^' 

measures on the bank 3 feet ii iiicht-. Ba-c 
of Cuyahoga formation. 



344 The American Geologist. December, i904. 

4. Sunbury shale. Black, thin, even layered 23' — So'S" 
shale, (the base resting on sandstone at top 

of cascade. About t^'o inches above the base 
a thin layer containing Lingula melie Hall and 
Liftgulodiscina Me^vbcrryi. (Hall) Schuchert. 

3. Berca sandstone. A massive ledge of some- 6'+ 27'8* 
what coarse grained grayish sandstone below 

the Hartman barti, which is shown in Fig. 5. 
•A little above, it makes a small cascade in the 
run where 6 feet 3 inches is shown, in which 
two layers show ripple marks. 

2. Drab, soft very argillaceous shale just be- i6'8'' 2i'8'' 
low the sandstone, which is probably the top 

of the Bedford shale. Most of this interval 
covered. 

1. Chocolate and mottled sh.ile to the level of 5'^ 5' 
Big run. 

Smith Run Section 

About one-eighth of a mile to the southeast of the Hartman 
run is a similar and parallel one on the farm of Mr. Smith, 
which may be called the Smith run. On the bank of this 
stream is shown the entire thickness of the Berea sandstone 
and also above, that of the Sunbury shale in a shorter distance 
than in the TIartman run so that the conditions are more fa- 
vorable for measurement. The section is as follows : 

Total 
No. Thickness, thickness. 

6. Cuyahoga formation. Sandstones alternating 22' 81' 

with shales, some of the sandstone layers a 

foot or more in thickness. 

5. Two layers of sandstone in similar strati- 4'4'' 59' 
graphic position to that of the *'City ledge." 

4. Bluish-gray argillaceous shale which varies s'^" 54'8'' 
in thickness from 5^2 to 6 feet. Two feet 

four inches below the top of the shale is a y/2 
inch layer of sandstone. 

3. ."Sunbury shale. Thin, even layered black shale 2o'8'' 49'2'' 
which is well shown in the narrow portion of 

the glen. About 3Vj inches above its base 
Lingula melie Hall, Lingulodiscina NezL^berryi 
CHall) Schuchert and fish scales occur. An- 
other measurement gave 20 feet 10 inches for 
the entire thickness. 

2. Berca sandstone. A prominent ledge of sand- 6'6'' 28'6' 
stone on both sides of the run of variable 

thickness ranging from 3J/2 to 7 feet on the 
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northwest bank, and perhaps dVi feet is near 
the thickness of the main part. The base of 
the sandstone on this bank is not a uniform 
line and the underlying shale to the level of 
the run varies in thickness from 6 to 9 feet. 
This character is shown in Fig. 6. The weath- 
ered ledge is much stained, rusty to brown- 
ish in color and the upper part contains much 
marcasite as is generally the case in the various 
sections reported. 
I. Bedford shale. Bluish-gray to gray in color, 22' 22' 

on the bank beneath the Berea sandstone ; but 
down the run are mottled and reddish shales 
before reaching Big run. 

On the western bank of Big run above the mouth of 
Smith run and the house of Mrs. Nancy Colo is a lodg'o of the 
Berea sandstone, although it is not so well shown as in the 
two glens just described. Drift and boulder clay fill the val- 
ley of Big run above the ledge of Beroa sancl9toiK\ so that the 
Siinburv shale is not shown. 

Along the stream about one mile southwest of Big run and 
parallel with it, exposures of Ohio shale conunoncc where tlu' 
stream and highway cross the Franklin-Pickaway county line 
one and one-half miles west of the I'atrficld coimtv line. 
The shales are unifcnnly black, even, highly fissile and we;ith- 
er brownish. They are exixxsed ahnost continuously for 
one-half mile up the stream, although at no i)lace rising morr 
than about ten feet in the stream-banks, with a thickness i>f 
forty feet, according to barometrjc readings. ( hie half mile 
up the stream the Bedford shale appears, almost in contact with 
the Ohio shale, and where it first a])pears there is an t*\|)osnri' 
of fifteen feet, the lower part of which is bluish,, ihr midille 
portion mottled and the upper five feet tlull vvd in eolt»r. The 
texture of the shale is typical, being j^ritlrss, nnich jointetj anij 
passing rapidly into small Wiiko nv intt> a stilV clav. AbtMil Iwti 
feet of Berea sandstone is shown lUMr the hr;ul ot tlu* sunih 
fork of this nm. 

Along the east and west r»»;id uih* mile M.nth «•! llir I'lanK 
lin-Pickaway county line, at a poini just t«nr nidr wt-.l •»! tin* 
Fairfield county line !*< aunt In i cximi.uh' ni liu- Ittira whiih at 
this locality is a brownish, iii.ii.f ^;i.imrd •.inij-.lnnr. two 
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and one-half feet of which is shown but neither the top nor 
bottom. 

The large stream which heads on the Fairfield-Pickaway 
line about one and three-fourths miles south of the Franklin- 
Pickaway- Fairfield comer and flows nearly west through a nar- 
row ravine affords exposures of nearly all the Bedford forma- 
tion. The shale usually rises only a few feet in the banks of 
the stream- of which it often forms a clean cut bed : in places, 
however, it forms banks fifteen or twenty feet in height. The 
shale is invariably red, sometimes mottled with grayish-blue 
and may contain concretions of considerable size. The soil in 
places at some distance from the stream is reddish in color and 
contains fragments of the red shale. In this locality, therefore, 
the drift cover over the divides is apparently not deep. The 
upper part of the Bedford in this area is usually red and not 
mottled or grayish as to the east and northeast of Columbus. 
The stream to the north of the one just described affords very 
good exposures of Bedford shale of similar lithologic appear- 
ance. 

Section Northivest of Marcy 

One-half mile north of Marcy post-office is the source of 
a stream flowing west and northwest, receiving as eastern 
tributaries the small streams just mentioned, and emptying into 
Little Walnut creek two and one-half miles north of St. Paul.. 
Pickaway county. The upper course of this stream is through 
a narrow glen cut in the Cuyahoga, Sunbury and Berea forma- 
tions on the farm of J. M. Hensel. The following section is 
shown on this stream : 

Total 
No. Thickness, thickness. 

5. Cuyahoga formation. Blue, fine-grained sand- 25'+ 66^'J' 

stones with some intercalated soft gray shale 
which contains very little grit. At the base 
are thin bedded sandstones with shales and 
shaly sandstones, above which are shales con- 
taining concretions. 

4. Gray argillaceous shale which is very soft and 8^' A^Vz 

grit loss, with the exception of a 6 inch com- 
pact gray sandstone the base of which is 3 
foct 2 inches above the base of the shale. This 
zone is well shown on the northern b:ink of 
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the creek a few rods below where the top of 

the gray shale is seen in the stream's bed. 
3. Sunbury shale. Thin, black, laminated shale. 26' s^ 

The contact of the gray shale at the base of 

the Cuyahoga is beautifully shown in the bed 

of the stream with an inch layer of mottled, 

black shale, the mottling due to cylindrical 

ramose, infilling of gray material similar in ap- 
pearance to the gray shale above. The line 

of contact between the gray and black shale is 

perfectly distinct and sharp. The base of the 

black shale is in contact with the subjacent 

sandstone, the lowest layer of which is arena- 
ceous, strongly pyritiferous and contains Lin- 

gula melie Hall, which is common, Lingula 

sp. and plants. On the southern bank 

cl the stream a little above the Berea 

ledge is a bank of Sunbur>' shale 22 feet high 

by tape measure, and the highest exposure of 

shale by hand level is 26 feet above the top of 

the Berea. The second exposure up the stream 

above the one just described, which is on the 

northern bank, shows 12 feet of Sunbury shale 

capped by 9 feet of shale and the latter by a 

sandstone. The base of this exposure by hand 

level is from 12 to 14 feet above the top of the 

Berea sandstone. A recent measurement of 

this shale by Mr. George F. Lamb gave 24 

feet 8 inches. 
2. Berea sandstone. Coarse, gritty, bluish sand- 6'± 7' 

stone in a single stratum which varies in 

thickness from i to 6 feet. In the stream 

where the contact with the Sunbury shale 

occurs it is only a foot or a little more in 

thickness ; but on the bank 50 feet below it in- 
creases to 6 feet and then thins when followed 

a few yards down the stream to*2 or 3 feet. 

The upper part of the s:indstone contains 

plenty of niarcasite and it-i top surface is even, 

so that the irregularity is in the lower sur- 
face. Other exposures in the vicinity show as 

great a thickness as 10 feet. 
I. Gray line grained shale, iron-stained, contain- i-|-' l' 

ing occasionally lenticles of sandstone : but in 

general a soft argillaceous shale which in 

places is nearly a clay. At this locality it 

varies in thickness, according to thickness of 

the Berea sandstone, fruni less than a foot to 5 

f-et 
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Farther down the stream are outcrops of the reddish Bed- 
fiord shale below which are excellent ones of the Ohio shale, 
which in places forms banks from 30 to 40 feet in height. This 
shale may be followed for a mile along the creek to the four 
comers where are good exposures both east and west of the 
road bridge, fifteen feet or more in height, very clean cut and 
characteristic. 

The stream to the north of the one just described gives per- 
haps the best exposures of the Bedford shale for this region ; 
below which is the Ohio shale. 

WATERLOO AND JEFFERSON 

On the southern bank of Little Walnut creek, just east of 
the covered bridge three-fourths of a mile southeast of Wat- 
erloo on the George Loucks' farm is an exposure of twenty 
feet of red Bedford shale. This outcrop extends to water 
level and is capped by the Berea grit, which forms a small ledge 
on the bank of the creek at this locality. This exposure shows 
that in this region the red color of the Bedford shale extends 
nearly to the base of the Berea grit. This bank of red shale 
is about one mile south of the Hocking Valley railroad. 

Chestnut ridge, two miles east of Lithopolis, forms a con- 
spicuous feature of the landscape in a region of such uniformly 
low relief as that of central Ohio. The ridge is composed of a 
coarse grained, yellow, massive sandstone which is the base of 
the formation so conspicuously show^n in the Hocking valley 
twxlve miles to the southeast, near Lancaster. This ridge is, 
therefore, geologically and topographically the outlier of the 
picturesquely eroded cliffs and slopes which give to the Hock- 
ing valley its beautiful scenery. 

Jefferson Section 

At the northern end of Chestnut Ridge is the small village 
of Jefferson to the south of which on the hill is the quarry of 
Mr. J. E. Cross. The following section was obtained com- 
mencing at the rear of the school-house yard and extending up 
the hill to the top of the quarry : 

Total 
No. Thickness, thickness. 

10. Soil. 5' 156' 

g. Rather thin bedded brownish to yellowish 10' 151' 

sandstone. Fairly massive stratum at the base. 
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8. Apparently two layers of yellowish sand- 
stone similar to the zone below with a shaly 
sandstone to shale a little above the middle. 

7. Massive stratum of yellowish, coarse grained 
sandstone, which is friable. 

6. Iron-stained sandstone, irregular, somewhat 
shaly, and contains pockets of shale. 

5. Light gray to bluish coarse grained sandstone. 

4. Sandstone similar to the zone above. 

3. Covered to base of qu-arry. 

2. Alternating shales and thin sandstones which 
are bluish at the base, becoming more iron- 
stained and coarser toward the top, shown 
along quarry road. Cuyahoga formation. 

I. Covered frcm school yard. 

In the above section the shales and sandstones of No. 2 be- 
long in the Cuyahoga formation, while the rocks from No. 4 
lo the top of the quarry apparently belong in the lower part of 
the Black Hand formation. 

From the base of the Cross quarry to the base of the Berea 
sandstone on the southern bank of Little Walnut creek to the 
southeast of Waterloo the barometer gave a difference in ele- 
vation of 200 feet. Tlie latter locality is one and one-fourth 
miles farther west than the Cross quarry while the dip in this 
region is about 20 feet per mile to the east. As the thickness of 
the Berea sandstone and the Sunbury shale at Lithopolis is 
33 feet it indicates that the Cuyahoga formation in this section 
has a thickness of about 200 feet. Estimates made in other lo- 
calities in this general region indicate a thickness ranging Iron: 
200 to 250 feet for the Cuyahoga formation. 

EASTERN FR.XNKLIN COUNTY 

In the eastern part of Franklin county near Blacklick and 
Reynoldsburg and on Blacklick creek are exposures of the 
lower formations of the Waverly series. This region has neither 
been very carefully described nor the formations in all cases 
correctly identified. 

Blacklick Creek and Village 

On the eastern bank of Blacklick creek a little above the 
Broad street pike crossing and one mile below the railroad 
bridge at Blacklick, is a good outcrop of the Sunbury black 
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shale, the upper eight and one-half to ten feet of the formation 

being shown. The complete section is as follows : 

Total 
No. Thickness, thickness. 

4. Soil to top of bluff. 8' aS'S* 

3. Soft bluish sandstones, weathering gray and 2' 2o'8* 

strongly iron-stained, which are medium thin 

bedded. 
2. Gray very soft, gritlcss shale with an arena- io'2'' i8'8* 

ceous layer near the middle. The line be- 
tween this shale and No. i is very clear and 

sharp. 
I. Sunhury shale. Very thin, laminated, black 8'6'' 8'6'' 

smooth shale which weathers to small sharp 

edged flakes. 

Creek level opposite sycamore tree. 

A little farther down the creek about ten feet of the Sun- 
bury shale is shown. The lower exposures are tm. the farm of 
Frank Milburn and to the north on the farm of J. W. Miller. 
The Sunbury shale is shown for some distance up the stream 
and after a covered interval of about one-half mile its last 
appearance is on the J. K. Black farm, where on the eastern 
bank a few rods below the swing bridge one foot is shown. 
On the same side of the creek a little below is a higher bank in 
which the lower Cuyahoga sandstones occur. The Black farm 
was formerly owned by E. Comp|ton and this is undoubtedly 
the locality where Dr. Orton stated that the contact of the 
Huron and Waverlv formations is shown.* It is to be noted, 
however, that the black shale is the Sunbury instead of the 
Huron (Ohio). 

Perhaps rather more than one-quarter of a mile up the 
creek are exposures of higher rocks on the Frank Cornell farm 
which was form/crly that of S. R. Armstrong. About east of 
the Presbyterian church in the southern part of Blacklick vil- 
lage on the western side of the creek is a partly covered sand- 
stone bank, below which is shown the upper half of the soft 
shale zone at the base of the Cuyahoga formation. At low 
water the lower part of the shale zone is shown a little farther 
down the stream and the following section may be obtained : 

♦ GeoL Surr. Ohio, vol. iii. 1878, p. 639. 
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Total 

^'o- ^ ., , . Tliickness. thickness. 

II. Soil to top of bank 5 to 10 feet 

10. Mainly thick to thin bedded sandstone, buff 30' 55' 

to gray and iron-stained on weathered surface, 

but blue to gray on fresh fracture. 
9. Mostly covered, occasional outcrops of sand- i9'6'' 25'+ 

stone commencing about 12 feet above the base 

of this zone. 
8. Layer of hard, bluish-gray sandstone, coars- o'6' S/' 

er grains than in the thin layers below; 6 

inches shown in the bank and covered above, 

so that the layer is probably thicker. 
7. Blue argillaceous shale. 
6. Hard layer of fine grained sandstone of 

rusty color as weathered. 
5. Soft argillaceous bluish shale, whkh has 

very little grit. 
4. Thin sandstone, similar to lower one, from 

2j^ to 3 inches in thickness which weathers 

rust>' on its edge. 
3. Bluish argillaceous shale. 
2. Fine grained argillaceous sandstone, bluish- 
gray in color and perhaps slightly calcareous. 
I. Very argillaceous shale, bluish as low as ex- 
posed in creek. 

The barometer gave an interval of five feet from the base 
of this section to the top of the Sunbury shale on the Black 
farm. The shales and thin sandstones from No. i to 7 inclu- 
sive with a thickness of five feet one inch are regarded as 
representing the upper half of the soft shale zone at the base 
of the Cuyahoga formation which, with the five foot interval 
to the Sunburv shale, has a thickness of ten feet one inch at 
this locality. It will be noted that this thickness is in close 
agfreement with that of the same zone described in the section 
three-fourths of a mile farther down the creek in the bank 
above the Broad street pike, where it is ten feet two inches. 
Again the fall in the creek from the shale bank below the 
Presbvterian church to the Sunburv shale bank above the 
Broad street pike is about fourteen feet so that the bed of the 
stream at the former locality would be about five and one-halt 
feet above the top of the Sunbury shale. 

A few rods farther up the creek than the section inst vie- 
scribed is a conspicuous steep, rocky bank on its eastern side 
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in which the Blacklick Stone Company has opened during the 
last two years a somewhat extensive quarry. This quarry is 
but a few rods below the railroad bridge and furnished the 

following detailel section : 

Total 
No. Thickness, thickness. 

14. Mainly covered, but occasional layers of sand- 15' 61' 

stone shown in run to the northeast of the 

quarry for 15 feet above its top. No indi- 
cation of black shale in run. 
13. Three layers of buff sandstone altcrnaling with 2'2' 46'- 

shale and extending to the top of the quarry 

bank. 
12. Yellowish-gray shale, 3 to 4 inches in thick- o'3* 43'ii' 

ness. 
II. Probably top of the Buena Vista member. 12" 43'8* 

Buff, friable sandstone similar to lower thick 

stratum. 
10. Shale parting. o'l'-^ 42'6* 

9. Buff sandstone appearing as a massive stratum 5' 42'5* 

which splits into thin layers on the weath- 
ered surface; somewhat friable. 
8. Partly bluish shale and in part buff, rather 6'8* zYs" 

thin bedded sandstone. 
7. Grayish, compact massive sandstone. 2'!" 3o'9'' 

6. Blue shale. I'l" 28'8* 

5. Gray massive sandstone. I'l" 27'^" 

4. Mainly bluish shale with some rusty, thin 3'io'' 28'6'' 

sandstone. 
3. Buff, compact sandstone. I'lo* 24'8'' 

2. Layers of bluish-gray to gray sandstone, 16 14' 10* 22'io'' 

inches and thinner, alternating with bluish 

shales. Some of the sandstones are consid- 
erably iron-stained or rusty in color. Present 

floor of quarry. 
I. Partly covered. Buff sandstone at the base in 8'-+: 8' 

bed of stream which is apparently the one just 

above the shale zone near ihe base of the 

Cuyahoga formation, or Xo. 8 of the section 

farther down the creek. At this point 

below the sandstone is alx>ut 3 inches of 

bluish shale below which is a thin some- 
what concretionary sandstone similar to No. 

6 of the lower section. 

Creek bed. 

If to the above section of sixty-one feet the ten foot zone of 
shale with thin layers of sandstone, at the base of the Cuyahoga 
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formation be added, it will give seventy-one feet of the lower 

part of that formation. There is not such a sharp lithologic break 

in this quarry as in the Lithopolis one ; but perhaps as marked 

a lithologic change as any is to be found at tlie top of No. 11, 

or the first sandstone layer overhnng the thick sandstone near 

the top of the quarry. The top of No. ri, therefore, has been 

provisionally selected as the top of the Buena Vista member, 

which will give it a thickness in this section of fifty-three feet 

eight inches, which is four feet four inches more than in the 

one at Lithopolis. 

Just below the railroad bridge is an old quarry in which 

some work has been done during the last two years. The 

section of the eastern bank is as follows: 

Total 
Xo. Thickness, thickiness. 

10. Mainly thin sandficn^ alternating with ar- /+ 41' 

gillaceous shales, none of the sandstones ap- 
parently thick enough for use. 

9. Buff sandstone, probable top of the Buena o't* 34'+ 
Vista member, 

a Shale parting. o'l"- 33'^^// 

7. Buff sandstone, which in places splits into I'l" 33' sV/ 
two layers. 

6. Shale to sandy parting. o'^y/ 32' 41/2" 

5. Massive byer of buff sandstone whidi is much 6' 32'!" 

rusted or iron- stained in places and coni>ider- 
ably on the surface. Somewhat friabU*. but 
these older exposed surfaces are not so friable 
as in the new openings in the lower quarry. 
This stratum is conspicuously siiown on both 
sides of the creek below the railroad. The top 
of this sandstone by the hand levei apparent- 
ly corresponds with the top of the heavy layer, 
or No. 9, of the lower quarry. Thickness va- 
ries from 6 feet to 6 feet 3 inches. 

4. Rather buff sandstones-, ilie upper «.ines con- a'h" 201" 

taining numerous specimens 'jf ^pirvpiiytun, 
alternating with bluish shai<.\s. 

3. Bluish shales. i' 22 2" 

2- Thick layer of sandst'.»nc. cuiisiderably iron- 22" 21' 2" 

stained in many places. This laver is Xo. 7 of 
the lower quarry. 

Z. Bluish to bluish-gray bandsioncs aiieruating io' 10' 

with shales, one layer i 100* 1 J incbic? \\\ thick- 
ness, but most of the saiidst'jiu u;\ci.- are 10 
indies or less in thickness. 
Creek level. 
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The massive layer (No. 5 of the above section) is seen 
near the top in all the sections in the vicinity of Blacklick vary- 
ing in thickness from 4 to 6 feet. The fall in the creek from 
the railroad bridge to the shale bank, below the Presbyterian 
church is about nine feet which, therefore, makes the top of the 
section at the railroad bridge about fifty-seven feet above the 
base of the Cuyahoga formation. The top of the Buena Vista 
member in this section was drawn provisionally at the top of 
No. 9, which would make its thickness in this section about 
fifty feet. The highway to the east aflfords occasional outcrops 
of sandstones similar to those seen in the banks of the creek at 
Blacklick. 

Two miles to the southwest of the Blacklick railroad bridge 
the railroad cut at Taylors exposes rather thin bedded sand- 
stones. These sandstones are buff in color, with rather fri- 
able texture like that of the Berea sandstone, they show plenty 
of ripple marks and some of the layers are contorted or con- 
cretionary in structure. About orie-fbtirthj of a mile to the 
west, small gullies show the presence of the red Bedford shale, 
some of the soil is reddish and two brick plants use this shale 
which is obtained from quarries located some distance north 
of the railroad on the Andrew Morrison farm. The strati- 
graphy and lithological characters apparently show conclusively 
that the sandstones in the railroad cut at Taylors belong in tlie 
Berea formation. 

The toix>graphic map gives the devation of the railroad 
cut at Taylors as nearly nine hundred feet and the nine hun- 
dred foot contour line extends up Blacklick creek to the rail- 
road bridge, so that the bed of the creek at Blacklick and the 
railroad cut at Taylors have about the same elevation. Hence, 
the easterly dip of twenty feet or more per mile must carr>' the 
sandstones showTi in the railroad cut at Taylors below the bed 
of Blacklick creek at the village of Blacklick. 

Dr. Orton in the "Report on the Geolc^y of Franklin coun- 
ty" mentioned ten feet of bedded sandstones in the railroad 
cut at' Taylors which he called "the sandstones of the lower 
Waverly/'* evidently referring them to that division of the 
Waverly group which he called the "Wavery quarry system." t 

• Rept. Geol. Surv. Ohio, vol. iii. 1878. p. 638. 

f For the clanaification of the Pranklln county Warerly, eee p. 689 of tbe 
report cited above. 
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The writer has already shown that this division is the same 
as the Berea sandstone,* hence the correlations of the sand- 
stones shown in Taylors railroad cut are in harmony. The 
identification, however, of the' rocks shown in the "section of 
Waverly sandstone at Armstrong's quarries, Blacklick sta- 
tion," t is erroneous. The writer has shown that the Waverly 
shales of the Franklin county report are the upper portion of the 
. Bedford shales. t 

The ten feet of Waverly shale, however, given at the base 
of Dr. Orton's Blacklick section is not the top of the Bedford 
shak but the zone of soft shale at the bottom of the Cuyahoga 
formation which has been described in this paper at the expo- 
sures on Blacklick creek abo\'e the Broad street pike crossing 
and below the Presbyterian church in Blacklick. The overlying 
torty-eight feet, ten inches of sandstones and shales in this sec- 
tion referred to the Waverly quarry system (=Berea sand- 
stone) instead of being the Berea belongs in the lower part 
of the Cuyahoga formation. Apparently this quarry is referred 
to the Berea grit in the Tenth Census "Report on the building 
stones of the United States, and statistics of tfie quarry in- 
dustry for 1880," compiled from notes of Dr. Or.ton.§ 

Reynoldsburg and Vicinity 

On the bank of a small run a short distance east of Rey- 
noldsburg, about opposite a street turning south, on the Sam 
Chamberlain farm is an outcrop showing the top of the Sunbury 
shale and the lower part of the Cuyahoga formation. The sec- 
tion is as follows: 

Totel 
No. Thickness, thickness. 

4. Thin bedded, grayish sandstone with perhaps 4'-t 17^' 

a shale zone in this interval; partly covered. 

3. Greenish-gray sandstone containing numerous i>i'+ 13^' 

specimens of Spirophyton, which on weathered 
surface tends to split into thin layers but 
probably under cover it is massive. A loose 
block on the bank is i foot 9 inches in thick- 
ness, its top covered with fucoid (?) mark- 

•Joar. OeoL, vol. ix. 1901, p. 218. 

t Rept. OcoL Sarr, Ohio, vol. iii, p. 641, which are described on pp.639 and 
640. 

tjour, Oeok, toI. ix, 1901, p. 217. 

8 Vol. X. 1894, p. 196. AUo republished in Sept, GtoJ, Surr. Ohio, vol. v, 
1884, p. 1595. 
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ings; the basal sandstone of the Cuyahoga 

formation. 
2. Upper part of shale zone gritty, below which it lo'^ 12' 

is argillaceous and 4 feet below the top is a 

somewhat gritty and coarser band. The lower 

6 feet drab, soft argillaceous shale which is 

apparently without grit. 
I, Sunbury shale. Black fissile shale. to bottom 2'± 2' 

of the run. 

A few rods to the west is another run on the same farm, 
which flows southerly, on which a few yards above its mouth is 
shown eight feet of the upper Sunbury shale ; but none of the 
clay shale at the base of the Cuyahoga formation. A little far- 
ther up the run is another outcrop of the Sunbury shale under 
a clump of trees. 

About one and one-half ( ?) miles to the northeast of Rey- 
noldsburg is the Wm. A. Forrester quarry, which he has work- 
ed for forty years. The following section was obtained at this 
locality : 

Total 
No. Thickness, thickness. 

15. Rather thin bedded sandstones of light gfray 8^+ 75' 

color, which on weathered surface are brown- 
ish gray or iron-stained, that alternate with 
thin layers of shale. Thickness 8 to 10 feet. 
14. Sandstone zone which is more or less solid. 
13. Olive shale. 
12. Sandstones which weather to a brownish-gray 

or iron-stained color, alternating with shales. 
II. "Block layer" of quarrymen from i foot 3 
inches to i foot 6 inches in thickness, which 
stains badly on weathering and is not used. 
Shale parting. 
10. Bluish-gray sandstone. 
9. Blue shale. 

8. Bluish-gray sandstone. This and the sand- 
stones above discolor badly on weathering. 
7. Blue arenaceous shale. 
6. Probable top of Buena Vista member. Three 
courses of bluish-gray sandstone, each one 8 
inches in thickness, which are fairly soft, and 
are sawed into flagging. These stmdstoncs do 
not discolor on weathering. 
5. Arenaceous shale to thin sandstone. o'lo* 49*9'' 

4. Bluish-gray sandstone, which contains vertical iVh- 48'! i' 

tubes like worm borings. 
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3. Similar bluish-gray sandstone. 2'2*i 47'^'^ 

2. Bluish-gray sandstone (freestone of quarry- z'a" 45' 

men) which cuts well. This layer and the two 

superjacent ones are sawed into flagging, win- 
dow sills, etc. This layer sometimes splits 

into two, the upper one 2 feet in thickness. 

Mr. Forrester considers this layer identical 

with the massive 3^ foot layer (No. 10) in 

the Lithopolis quarry. 
I. Mainly covered down the stream to the top 4i'8* 4i'8' 

of the Sunbury shale, with the exception of 

the section described on the Chamberlain 

farm. Mr. Forrester stated, however, that in 

one part of the quarry they went down 30 feet 

below the bottom of the quarry and found the 

rocks blue sandstones alternating with "soap- 
stone" (shale), but not valuable for quarrying. 

On the northern bank of the quarry, which is the old wall, 
it is twenty-six feet from the top of No. 6 to the top of the ex- 
posed rocks, or two feet and nine inches more than on the east- 

i 

em and newer wall of the quarry. This gives about 78 feet of 
rocks exposed above the top of the Sunbury shale all of which 
belong in the lower part of the Cuyahoga formation. It is to be 
noted that these rocks are the same as those exposed on Black- 
lick creek at Blackhck with more than twice the thickness of 
the entire Berea formation on Rocky fork, five miles north- 
west of this section. The change in lithology from the rocks 
referred to the Buena Vista member to the overlying ones is 
not so conspicuous as at Lithopolis; but the line has been pro- 
visionally drawn at the top of the three courses of eight inch 
sandstones or No. 6. The sandstones of No. 6 and lower ones 
are bluish-gray from which there is a considerable change to the 
overlying grayish sandstones which weather to a rusty color. 
The rocks, however, overlying the Buena Vista member contain 
a much larger proportion of sandstone than is found in the 
similar part of the section at Lithopolis. This section gives 
the Buena Vista member a thickness of fifty-one and three- 
fourths feet which agrees quite closely with the fifty-three and 
two-thirds feet of the Blacklick section and the forty-nine and 
one-third feet of the Lithopolis section. 

A well was drilled near this quarry, which, according to 
Mr. Forrester's record, began near the top of No. 6 and at a 
depth of forty feet reached what he called soft mud. This mud 
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was probably the shale zone at the base of the Cuyohogfa for- 
mation in which case the well record of forty feet from Ihe top 
of the Buena Vista member to the shale agrees closely with the 
forty-one and three-fourdis feet of the above section. Below 
the soft shale the well passed through black shale and then en- 
tered sandstone to the distance of two feet The distance from 
the top of the soft shale to the top of the sandstone, according 
to Mr. Forrester, is 20 feet and the sandstone below the black 
shale is apparently the Berea grit. 

SECTION SOUTHEAST OF NEWARK 

Investigations made during the last two years have changed 
considerably my ideas regarding the lower limit of the Black 
Hand formation, as exposed to the southeast of Newark, and 
the results will now be briefly stated. 

The following section is compiled from outcrops in Havens* 
quarry, down Quarry run to Licking river, the first run to the 
east and the cliff farther east near the house of Mrs. Marv M. 
Stasel which is one and one-fourth miles east of the Court 
House in Newark : 

Tptel 
No. Thickness, thickness. 

la Alternating shales and sandstones to the top 14' 175^A' 

of the east wall of Havens* quarry. 
9. Fairly massive buff sandstones. 16' 161^2' 

8. Bluish shales; base of Logan formation. 5' 145^' 

7. Top of Black Hand formation. Grit stratum i' 140^^' 

varying in thickness from 10 to 13 inches. Con- 
glomerate II of Herrick. 
6. Allorisma shales. 7V I39'6' 

5. Massive buff freestone, lower part thin bedded 28*6" 132^2'' 

to shaly layers. 
4. Rather coarse quartz pebble conglomerate s'S" I03'8' 

which varies in thickness. Conglomerate I of « 

Herrick. In the run below Havens' quarry 

3 feet 8 inches is clearly shown, although the 

thickness is somewhat greater (4 feet 11 

inches in a former measurement when it was 

exposed to better advantage). On the Stasel 

cliff buff sandstones alternate with layers of 

grit and conglomerate with a thickness of 

a]>out 7 feet ii inches of which the following 

i> a detailed section : 
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Feet. Inches. 

Conglomerate 2 i 

Grit 9 

Sandstone 9 

Conglomerate 9 

Shaly sandstone 9 

Grit 7 

Sandstone 8 

Conglomerate ....... i 5 

Total 7 II 

3. This interval down Quarry run is mainly 60' lOo' 

covered, except at the base where 11 feet of 
massive buff sandstone is shown. In the first 
run east, however, 21 feet of buff rather coarse 
grained sandstone is shown at its base and on 
the Stasel cliff about 35 feet of similar sand- 
stone directly underlies Conglomerate I. Sev- 
eral barometric readings give the difference in 
elevation from the base of the coarse grained 
sandstone on Quarry run to the base of Con- 
glomerate I on the same stream as from 55 
to 63 feet, so that the rocks for the greater 
part of this interval are shown. 

2. Top of Cuyahoga formation. Mainly bluish- ^at' 40' 

gray arenaceous and argillaceous shales with 
some alternating layers of sandstone which are 
occasionally a foot pr more in thickness. On 
■ west bank of Quarry run there is a buff sand- 
stone stratum i foot 7 inches in thickness. Fos- 
sils occur ill this part of the formation. The 
lowest shales are exposed in the bed of the run 
just above Summit street bridge. 

I. Covered interval to level of Licking river. io'.+ 10' 

In the above section the Black Hand formation has a thick- 
ness of looj/^ feet. When my former paper was written the 
Stasel cliff and coarse sandstones in the two nms to the west 
had not been seen by the w-riter and it was supposed that 
shales occurred directly below Conglomerate I as had been de- 
scribed by professor Herrick for the Newark region.* Hence 
the base of this conglomerate was regarded as the base of the 
Black Hand formation, t The present section shows that to the 
east of Newark, coarse grained buff sandstones extend for 

• BuJL DeaiMon Uatv., vol. iii, 1888. p. 20. and Ibid., vol. iv, 1888. pp. 100, 
105. 106. 

t/onr. OeoL, vol. iz, 1901. p. 224. 
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about sixty feet below the base of Conglomerate I, at which 
horizon is the most marked lithdogic change in the rocks, 
and the base of these sandstones has been selected as the line 
of division between the Black Hand and Cuyahoga formations. 

In the quarries southeast of Newark the most marked litho- 
logic change in the upper part of the formation- occurs at the 
top of the massive freestone (No. 5). In professor Hicks' or- 
iginal description of the formation- he included in it, overlying 
the compact drab sandstor*e, a "Fucoid layer" seven to twelve 
feet in thickness and a- *'coarse sandstone and coi^lomerate" 
three to eighteen feet in thickness.* It is thought that the Fu- 
coid layer represents the Allorisma shale of Herrick and the top 
sandstone and conglomerate Herrick's Conglomerate II. For 
the above reason Conglomerate II has still been considered in 
the sections of the Newark quarries as the top of the Black 
Hand formation. 

The continuation of the section from Havens' quarry is to 
the eastward up "the gorge," which is the stream that joins 
Quarry run some rods to the north of the quarry, along which 
is shown, according to the barometer, about ninety feet of buff 
arenaceous shales to thin bedded sandstones to the base of the 
Sharon conglomerate. The shales predominate in the lower 
thirty feet of the section and apparently about the lower ten 
feet are shown in tlie upper part of the Havens' quarry wall. 
These rocks and those of the Havens' quarry succeeding Con- 
glomerate II or No. 7, are referred to the Logan formation 
which has a tliickness in this section of about 115 feet. 

The thickness of ioo>^ feet for the Black Hand formation 
in the above section agrees closely with that of the formation 
in the vicinity of Clay Lick, seven miles east of the Newark 
section. On the Bell farm one-half mile east of Clay Lick, the 
formation is well exposed on the point just east of the house. 
The barometer gave 85 feet from the B. & O. railroad up to 
the top of the ledge of coarse grained rock (mainly gprit) with 
some pebbles which are arranged somewhat in layers and occur 
from the top to the bottom. It is mainly of yellowish color, 
but with some brownish and an occasional reddish layer. In 
the creek at Clay Lick are coarse sandstones apparently be- 
longing in the Black Hand formation which barometrically 

• Amcr.Joar. Sci., ad •er., vol. xvi, 1878, p. 218. 
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give it a thickness of 100+ feet. The thickness is in close 
agreement with professor Herrick's statement that "one-half 
mile east of Qay Lick there is a nearly continuous exposure of 
about 100 feet of alternating conglomerate and coarse sand- 
stone of prevailingly red color."* 



THE UNTENABLENESS OF THE NEBULAR [y 

THEORY. 

By N. MirrocKLBt, Minneapolia, Minn. 

in. 

{Continued trom page 319,) 

THE RELATION OF THE EXCENTRICITY IN THE ORBITS OF 

THE PLANTS TO THEIR SIZE AND THEIR DISTANCE 

FROM THE sun; HOW THE MOONS HAVE 

COME TO THE PLANETS. 

The scientific investigator often discovers that matters to 
which he has before paid but little attention on account of 
thieir apparently small significance, prove to be of decisive 
importance in arriving at a correct understanding of the law 
or natural phenomenon which he is studying. This we our- 
selves shall experience before we close this chapter; for we 
shall find that the solution of a very comprehensive problem 
concerning the arrival of the moons to the planets depends 
greatly on a correct conception of the excentricity of the plan- 
etary orbits, to which, in general, but little attention has been 
paid. Let us, therefore, preliminarily, proceed to the discus- 
sion of this subject, in order, thereby, to gain a better under- 
standing, than would otherwise be possible, of matters de- 
pending thereon. 

The excentricity of the orbits of the planets stands in re- 
lation to the size of the planets and their distance from tlic 
Sun. The truth of this statement mav not be readilv ac- 

* BulL Sci. Lab. Dcaiaon Univ., toI. ii. 1&87, p. 15. 
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cepted, perhaps, since.it is contrary, in part at least, .to all ac-? 
cepteci astronomical theories. But he who seeks a solution of 
problems presented by natural phenomena, must not pay too 
much attention to existing theories, nor must he fear the au- 
thorities ; for these will, in most cases, oppose the most self- 
evid-ent truths, if they find their own theories in danger. His- 
tory teaches us that. We admit, however, that the conserva- 
tives have a perfect right to stand by and defend the old ideas 
until the new ones have been presented and established. But 
the trouble is, that many of these conservatives shut their 
eyes to the truth and will not allow themselves to be con- 
vinced. According to Flammarion the Academy of Cortona 
unanimously declared the discovery of Jupiter's moon to be an 
optic illusion; and Libri, a philosopher in. Pisa, would not con- 
descend to put his eye to the telescope to see Jupiter's moons. 
There is nothing of the kind to be feared in the present in- 
stance, however. 

According to the nature of the excentricity, as stated above, 
it follows, that a small planet, even close to the Sun, has a 
very excentric orbit, while the orbit of a large planet, quite 
far from the Sun, has a small excentricity. The planets Mer- 
cury and Jupiter may be mentioned as illustrating this point. 
The former has an average distance from the Sun of 36 mil- 
lion miles and its diameter is 3,200 miles ; but it has an orbital 
excentricity of more than 7 million miles and varies about 15 
million miles in its distance from the Sun. The. Ijatter planet, 
on the other hand, has a distance of 480 millioc;! miles and is 
88,000 miles in diameter, while its orbital excentricity is only 
23 million miles. It follows, then, that in Jupiter's orbit Mer- 
cury would have reached an excentricity of ^bout 90 million 
miles or more; and that Jupiter, if he were 300 million miles 
nearer the Sun, would have no excentricity. Venus, the Earth, 
and Mars may serve as further examples to explain this point. 
The first of these, which has a distance from the Sun of 67 
million miles and is of about the same size as the Earth, has 
an orbital excentricity of not quite 500,000 miles, while the 
Earth's orbit, wWch is 26 million miles farther frcMn the Sun, 
has an excentricity of one and one-half million miles. The 
little planet Mars, on the other hand, which is 141 million 
miles distant from the Sun and which is only 4,200 miles in 
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diameter, varies over 26 million miles in it's distance from the 
Sun. 

We find that the same rule applies to the more distant 
planets. Saturn, having a distance of 867 million miles from 
the Sun and a diameter of 76,000 miles, varies in its distance 
about 100 million miles. Uranus, with a distance of 1,765 
million miles and a diameter of 32,000 miles, varies 176 mil- 
lion miles in its distance. Finally we come to Neptune, which 
seems to make an exception. His average distance from the 
Sun is figured to be 2,764 million miles and his diameter is 
calculated to be 37,000 miles, while the variation in his dis- 
tance is accepted to be the sam^ as that of Jupiter, that is, 
about 50 million miles. But ti.e astronomical calculations 
may easily be erroneous in this case. I am confident that the 
variation in Neptune's distance amounts to about 200 million 
miles. I shall produce proofs later, which will make the mat- 
ter clear and show my opinion to be correct. In the mean- 
while it is important to take notice of the calculations of 
Adams and Leverier concerning the perturbations of Uranus. 
Both of them ascribe great excentricity to the disturbing planet, 
Neptune, and there is reason to believe that the excentricity, 
which was found as a result of these men's calculations, which 
also led to the discover)^ of Neptune, is more correct than the 
one accepted by modern astronomers and based on the third 
of the so-called Kepler's laws. We must remember, that the 
reasonable correctness of this law for the inner part of the 
solar system does not guarantee its correctness in an unlimited 
application, for which reason it may not hold good as to the 
most distant planet and cannot be safely applied unless we 
have other things to go by. Bode's law held good for all the 
planets until it was applied to Neptune when it proved to be 
not even approximately correct. But these matters we shall, 
as before said, take up and discuss later on. Let us, how- 
ever, in connection with tliese remarks direct our attention to 
the fact that to the present time there liave been discovered 
about 500 small planets between Mars and Jupiter, which 
have a variation in their distance of from 100 to 200 million 
jniles, which shows that the excentricity of the planetary orbits 
•everywhere stands in relation to the size of the respective plan- 
ets and their distances from the Sun. We may, therefore, con- 
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dude with reasonable safety, that what in this respect is true of 
all the planets from Mercury to Uranus and which also hold.«^ 
good as to hundreds of minor planets, will, no doubt, hold 
good also as to Neptune. 

§15 HOW THE MOONS HAVE COME TO THE PLANETS. 

It appears clearly from what we have already said, that the 
relation with regard to age in which one planet stands to an- 
other, cannot be determined by the planet's distance from the 
Sun, since their origin is independent of that body. As we 
have shown, further, that no heavenly body appears origin- 
ally with a satellite, the moon has, consequently, been develop- 
ed out of a nebula different from that of the Earth, and has 
at some time revolved around the Sun. The moons of the 
other planets have commenced their existence in the same 
manner, that is, as free bodies circling around the same center 
of force. But how, then, has it happened that these little 
bodies have been captured by the larger ones, and lost their 
original orbits? 

In §12 it was pointed out that the excentricity of the plane- 
tary orbits depends on the size of the planets and their dis- 
tances from the Sun. 

We have mentioned that Mercury's diameter is about 3,- 
200 miles, its orbital excentricity somewhat more than seven 
million miles, and its distance from the Sun 36 million miles ; 
also that its aphelion distance from the Sun is about 15 mil- 
lion miles greater than its perihelion distance. From tliis it 
follows, that the Moon, which has a diameter of 2,160 miles, 
would, if it had Mercury's average distance from the Sun, 
and in obedience to the law of excentricity, have a greater or- 
bital excentricity than Mercury. We understand, thus, that if 
the Moon had an orbit of about double the distance of Mer- 
cury's from the Sun, it would have an excentricity of rather 
more than 12 million miles or thereabout, and it would reach 
about 25 million miles farther from the Sun at aphelion than 
at perihelion. But now the question is this: Was the disr 
tance of the Moon somewhere between 70 and 80 million 
miles? 

Inasmuch as it was not captured by Venus, it must have 
occupied a place so far outside of this planet, that it did not 
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reach her orbit at perihelion, which shows that its distance 
from the Sun must have been more than 70 million miles. 

It is, indeed, possible, that its average distance from the 
Sun reached 100 million miles, and that it had its orbit out- 
side of the Earth ; but the most reasonable assumption is, that 
its average distance from the Sun was about 80 million miles, 
and that it, thus, reached several million miles outside of the 
Earth's orbit at aphelion. 

Now since the Earth's nebula appeared inside of the 
Moon's aphelion-distance and outside of its average distance 
irom the Sun, the Moon could not, for any length of time, 
escape crossing the orbit of the Earth to or from aphelion. 
The result would have been exactly the same, if its orbit had 
been just outside of the Earth's since this would have occas- 
ioned the Earth to have caught it at perihelion. 

In this manner, then, the Moon was captured and became 
the satellite of the Earth, which the following illustration will 
serve to make clear. 





Fio. 1. 

The orbits of Venus, the Moon and the 
Barth, respectively, around the Sun. 



Fio. 2. 
The Moon captured by the Barth. 



We have spoken of the Moon as a planet when the Earth 
appeared as a nebula. It may be argued against this, that we 
lack proofs. If so, it is most fair to remark, that observations 
establish nothing more clearly than that the Moon is older 
than the Earth4 Besides, it would not affect the result if eith- 
er the Earth or the Moon is the older, for even if the Earth 
had been a planet when the Moon assumed the shape of a 
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nebula, the orbital excentricity 01 the latter would have been 
the same and the E^rth would have been just as much in its 
way, and it could not in any way have escaped to become the 
Earth's satellite, provided it crossed or reached up to its orbit. 

■ 

If the reader has paid careful attention to our argumenta- 
tion against the nebular theory, he will the more easily under- 
stand, that this is absolutely the only way in wWch the Moon 
can have come to the Earth. If we consider Mars and his 
moons, it is equally clear, that wherever these exceedingly 
small planets had their orbits between Mars and the Earth 
and so far outside of the latter that they did not reach its 
orbit -at their perihelia, they would, on account of the great 
excentricity of their orbits, cross or reach the orbit of Mars at 
their aphelia, and thus not escape being captured in the same 
manner that the Moon was captured by the Earth. 

We may, then, safely conclude that what is true about the 
satellite of the Earth and of Mars is true also of the satellites 
of other planets to the uttermost limit of the solar system. If 
a large nebula would arise between Mars and Jupiter, where 
a large number of small planets with great excentricity have 
their orbits, it is clear that it, with its more circular orbit, 
would get a great number of moons. 

It may be urged in opposition at this point, that there are 
no small planets beyond Jupiter; but since such an objection, 
if it were made, could not be based upon anything else than 
that we have, so far, not discovered any small planets beyond 
Jupiter, it would be of no avail. In reply, it would be suffi- 
cient to call attention to the fact, tliat before Piazzi discovered 
Ceres on January first, 1801, there was not a single small 
planet known in that region, where since that time about 500 
have been discovered. In view of this, we understand, that 
before the discovery of Ceres, a statement might have been 
made with as great, or still greater force, that there were no 
small planets beyond Jupiter or Saturn or farther out. Such 
an objection is, therefore, not worthy of serious attention. We 
must, furthermore, be on our guard, both here and elsewhere, 
against limiting the scope of scientific development by barriers 
based only on ignorance and preconceived opinions. 

As the number of discovered minor planets has increased 
from time to time, these have also been discovered farther and 



Schular Theory. — Misti>ckks. 5(^7 

hrxhcT awav from tbc Sun, until thev hare ivmv been n^t:nd 
to exist near to the orbit of Jupiter. There is, thcrelorc, no 
reasonable ground on which any one can claim, U^at such plan* 
ets mav not exist bevc«d the most distant one which )vi5 been 
discovered. This forces us to admit, that minor planets nwy 
be found outside as well as inside the orbit of Jupiter. Wlicn 
it is admitted, further, that if a small planet would intellect 
or reach the orbit of Jupiter, the result would be, that the low- 
er planet would be attracted to the larger at a |x>int where 
tiurir orbits cross each other or somewhere in that vicinity, 
then it is practically admitted, that this is the manner in which 
this mightly planet may have received its many uh^mis. 

It may be of interest now to find out how iiear one of the 
minor planets might approach one of the great ones. Satnm. 
for instance, in order to be captured by it. Astromnners have 
figured out mathematically that one of Saturn's nKx>ns would 
have to recede a distance of 30 million miles before the planet 
would lose it. It follows, then, that a small planet coming 
within that distance would be attracted by Satuni. 

It may be, that this distance is rather large, and we shall 
therefore, try to determine it also on a diffen-nt basis and 
compare the result with that given above. Let us consider, 
for this purpose, the relation in which the velocity and dis- 
tance of Neptune stand to the distance and motion of Mer- 
cury, which will give us the diminution of the Sun's attraction 
in proportion to the increase of the distance. Next we may 
apply the same principle to Saturn's moons, and thus deter- 
mine fairly accurately the limits which we wish to know. The 
distance of Neptune is yy times that of Mercury, the velocity 
of the latter is 29 English miles a second and that of the for- 
mer 3.2. This shows that the power of the Sun's attraction in 
the orbit of Neptune has fallen to one-ninth of what it is in 
Mercury's orbit. In considering the satellites of Saturn, let 
us take, for instance, the fifth one. Rhea. This has a distance 
of 336,000 miles, according to Flamarion, and a sidereal per- 
iod of 4 days, 12 hours and 25 minutes, which gives it a veloc- 
ity of 323.5 English miles a minute. By multiplying the given 
distance by Jj we find the distance from the planet to be 25.- 
872,000 miles. At this distance the p<'>wer of attracri^-rti ha-^. 
dius, fallen to one-ninth of what is in Rhea's orbit. Further, 
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if we divide Rhea's velocity, 383.5 miles a minute, by 9, we 
find that 35.8 miles a minute would be the velocity by which a 
moon would move around Sa^rn at a distance of about 26 
million miles. Now since this is still nearlv the velocit> of the 
Moon around the Earth, it seems that a moon would revolve 
around Saturn at a considerable greater distance than 26 mil- 
lion miles. It appears, thus, that the mathematical computa- 
tion menticxied above has come very close to the truth. We 
need not go to any extreme, however; it is satisfactory to 
know, that we have assured ourselves of the fact, that Saturn 
can overpower and attract small planets within a radius of at 
least 26 million miles. 

The discovery of Saturn's ninth moon by professor Pick- 
ering in 1899 and the fact that this moon still has a distance of 
8 million miles most strongly indicates that Saturn may have 
received its moons in the manner which we have now de^ 
scribed. This appez^rs still clearer when we remember that 
the small planets, which have an average distance from the 
Sun of 600 to 700 million miles, intersect the orbit of Saturn 
It their aphelia, and those which have an average distance of 
1,000 to 1,200 million miles will intersect it at their perihelia; 
besides that, Saturn himself varies his distance about 100 mil- 
lion miles, and sweeps along in his orbit with a jgravitative 
sphere so great that it measures about 56 million miles in di- 
ameter within which no small planet can come without being 
captured. 

Having now come to an understanding of this matter, we 
understand also, that the two most distant mocms, especially, 
are continually being drawn closer to the planet, and that 
the one farthest away is attracted most rapidly. The last otie 
may, for all we know, just have been captured when it was 
discovered. But it is also possible, that it began its revolu- 
tion around Saturn at a distance of about 20 million miles or 
more. Moreover, it is good reason to believe that small plan- 
ets which yet have their orbits around the Sun,, will in the fut- 
ure be discovered as moons of Saturn; and we may also con- 
clude that what is true about Saturn in this respect is true 
about the more distant planets also. 

Finally it may be of some importance to call attention to 
the fact, that the attraction which Saturq exerts on its distant 
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moons is the combined attraction of himself and his inner 
mocwis. This latter factor is of considerable importance, since 
one of the mootis, Titan, is of about the same size as the 
planet Mars. This is true of all large planets with many 
moons and of the Sun as well as the planets. The velocity of 
Uranus, for instance, which is 258 miles a minute, would be 
about 300 miles less a day, if it were not for Jupiter.- 

As answer to the question, how near a small planet must 
come to Jupiter in order to be attracted by him we need 
only call attention to the fact that Jupiter is two-fifths 
stronger than Saturn, and that the power of tlie Sun's attrac- 
tion is about two-eighths stronger in his orbit than in Sat- 
urn's. From this we find, that Saturn, if placed in Jupiter's 
orbit, would have lost about two-eighths or 7 million miles 
of the radius within which he can now attract smaller 
planets, and that Jupiter himself exercises this influence at 
a distance of about 35 million miles in all directions from 
his center. 

If we next direct our attention to the most distant planets 
and notice that Neptpne exerts a disturbing influence on the 
larg^ planet Uranus, which is 1,000 million miles nearer 
the Sun, we find this natural order no less self-demonstrating. 
Since we know that Neptune disturbs Uranus, it is easy to 
see what the result would be, if a small body, say about the 
size of oiu Moon, being ^/looo of Uranus, came within a 
few million miles of Neptune. Its capture as a moon would 
be absolutely certain. 

§16, The number of moons of the distant planets must, 
as a rule, stand in relation to the size of those planets and 
their distance from the Sun, no matter whether the moons 
have been discovered or not. The reason for this is a com- 
bination of several causes. As one of these causes we notice 
the increasing sphere of a planet's attractive power as its 
distance from the Sun increases. A second cause is the in- 
crease in the orbital excentricity of all the planets in pro- 
portion to their size and their distance from the Sun. A third 
factor is found in the circumstance, that the orbits of the 
minor planets are more analogous to the orbits of the larger 
ones the greater the distance from the Sun : this, again, be- 
ing caused by the diminution of the power of the light-stuff, 
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which causes the large inclination of the orbits of the minor 
planets to the ecliptic between Mars and Jupiter, but which 
diminishes as the distance from the Sun increases. We may 
mention, also, as a fourth factor of somewhat minor im- 
portance, that the large comets, far from the Sun, may at 
times, draw the minor planets out of their orbits and thus 
put them in danger of being captured afterwards by the ma- 
jor planets. 

Let us remember, then, that the small planets that reach 
the orbit of Neptune at their aphelia, reach or approach near 
the orbit of Uranus at their perihelia ; and that the same class 
of bodies, which reach Uranus at their aphelia, reach in 
many cases, Saturn at their perihelia. This shows clearly 
that the small planets far out in the sea of ether, where the 
large planets rule, run a greater risk of being captured than 
those in the vicinity of Jupiter. Those large distant planets 
have for the same reason, gpreater opportunities to enrich 
themselves with moons than, for instance, Jupiter has. This 
opportunity becomes still greater by reason of the fact that 
the minor planets but there move in orbits analogous to the 
major ones and are, consequently, subjected to the attrac- 
tion of these for a greater distance of their orbits than is 
the case in the inner part of the solar system. 

The reader will then, finally, remember the fact, that a 
smaller planet which reaches or intersects the orbit of a 
larger one cannot escape being captured eventually by the 
larger one and being made its satellite; and that this has at 
some distant time happened to the Earth's Moon, and, in fact,, 
to all the moons of all the planets. 

(To be continued.) 
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TECTONIC GEOGRAPHY OP EASTERN ASIA. 

V. 



(Coaeladtd.) , . 
In earlier numbers of this series there have been reviewed 
or translated recent papers dealing with the tectonic geography 
of the eastern border of the continent as welt as special papers 
treating of Korea, Manchuria, and Japan. There remain for 
consideration the Riukiu (Loochoo) Islands, Formosa (Tai- 
wan), the Philippines, and the complex of islands to the south 
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and west, which with the Philippines have together been desig- 
nated as the Malayan Archipelago. In taking up for consider- 
ation this, remaining ^rtion of the region, the tectonic sketch 
map of Fig. i will serve for orientation. It has been construct- 
ed from several maps. On the main land of Asia the great ser- 
ies of arcs and the dominant lines of faulting have been entered 
from von Richthofen's studies. The tectonic lines sketched in 
for the Korean peninsula and about the gulf of Pechili are from 
dominating ones which appear upon the maps of Koto and von 
V. Cholnoky. The volcanic zones and the arcs in Japan have been 
taken from the new official map of Japan issued by the Japan- 
ese government and from v. Richtofen's sketch map, and the 
last mentioned author has been followed in Formosa and the 
Riukius. In the Philippines and other portions of the Malayan 
Archipelago the data have been furnished by the maps of Suess 
and KotOr The volcanic zone to the eastward from the Malayan 
Archipelago is entered from Berghaus's excellent Atlas der 
Geologic. 

Riukin Arc: The island of Formosa and the island arc 
which connects it with Japan (Riukiu or Loochoo arc) has been 
made the subject of a special pap)er by v. Richthofen*, a paper 
based largely lipon the monographs by Yamasakit and Yash- 
iwarij; both of which papers contain excellent maps, the first 
mentioned of Formosa and the other of the Riukius. It has al- 
ready been pointed out tha;t the double series of arcs upon the 
continent border is paralleled by a third series that is outlined 
bv the festoons of islands which inclose shallow seas and are 
surrounded by great ocean deeps. This latter and seaward 
series seems to end southward at Formosa, the Structure of 
which appears to be of a different nature, and which is succeed- 
ed to the southward by more contracted series of arcs, ex- 
tendmg, as Suess has shown, as far ais X\it bay of Bengal. 

The Riukiu islands arc while convex toward the sea ap- 
pears to have a different character from Bie arcs to the north- 
ward. If one joins upon the map the islands of the outermost 
, * , 

* Von. Richthofen: Gcomorpholosrischc Stndieq atia pstasiea. III, Die mor- 
phologischc Stellung: von Pbrmona and den Biukia-io^eliii ^itxnngsblfr. d.k.pr. 
Akad. d. Wise. z. Berlin, vols. 39 and 40, 1902. pp. 944-976. wltfa pi. 3. 

t Dr. N. Yamasaki: Unare geogruphischen Kenntnitac toU der Insel 
Taiwan (Formosa). Peter. Mltth., vol. 46, 1900, pp. 221-284. with plate 19. 

X S. Yashiwari: Geologric structure of the Rinkiu (Looctaoo) cvrre and its 
relation to the northern part of Formosa. Jonr. Coll. Sci. Imp. UniT. Tokyo, 
vol. xvi, art. 2. 1901, pp. 3-67, with five plates. 
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series and in like manner the innermost projecting points of the 
larger islands, the two nearly parallel lines of arcs are obtained, 
ffhich are distant froQi each other about 60 k. m. — the breadth 
of ttie island rone, (See Fig. 2.) To the southward this dis- 




tance is, however, contracted to less than 34 k. m. The inter- 
ior of the two arcs consists of older, presumably Palaeozoic 
sediments, which are intruded by granite. The outer arc, on 
the contrary, is occupied by rocks of Tertiary aj^. The zonal 
structure of llie tlouble arc and the confonnity of the strike 
of the rocks to the direction of the arc. as well as the constant 
dip of the beds toward the inner side, render it probable that 
fold structiJres, perhaps accompanied by overthnists. may be 
largely responsible for these area! peculiarities. I^aniiward from 
the double belt of islands and closely following its inner mar- 
gin, runs the zone nf new volcanic inlands which are strung: like 
pearls upon a string, 'i'o tlie southward tiie unter Rinkin arc 
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is interrupted by later cross dislocations within the Sakischima 
group, which is the southernmost in the belt and meets the east- 
ern coast of Formosa in the high and steep peninsula of Dom- 
kaku. From v. Richthofen's map, it would appear that the arc 
where it enters Formosa marks a dividing line between domin- 
ant strike directions to the northward and southward, and finds 
here its southward end. 

To the northward the arcs are joined to Kiusiu, the south- 
ernmost of the Japanese islands, and continued upon it, the out- 
er arc by a great fault along the eastern coast of the island, and 
the volcanic zone in the great Graben depression bounded by 
high and steep walls and terminated northward by an amphi- 
theater (Kesseleinsenkung). In the bottom of this depression 
are located important volcanic vents. This important depres- 
sion separates the two southern wings of the Palaeozoic base- 
ment. 

Formosa: Following the Chino-Japanese war, by which the 
Japanese came into possession of Formosa, an exploring ex- 
pedition was sent out in 1896, and what had before been known 
to science chiefly through its aspects from the sea gradually 
came to be fairly well known. It had been observed that the 
eastern coast was very steep and was backed by high moun- 
tains, two of which received from navigators the names Sylvia 
and Morrison. The western aspect of the island*, on the con- 
trar}% was one of flatness. The sharply serrated eastern high 
range slopes away to the flat western coast. One of the most 
important discoveries was the remarkable "Taito furrow," 
which sharply cuts off upon the east the connected massif of 
ancient rocks along an almost straight line 155 k. m. in leng^th 
and directed N 20** E. This furrow is occupied by three distinct 
streams separated by low divides, two streams passing out at 
the ends of the furrow, while a third intermediate and T- 
shaped one escapes through a gorge in the eastern range. This 
eastern range is known as the Taito range. Between the Taito 
furrow and the similarly directed line about 50 k. m. to the 
westward, runs the dominating Taiwan range, with its peaks 
Sylvia, Kantaban and Morrison, respectively about 11,000, 
9,000 and 13,000 feet in height. These peaks also are in a line 
running N 20° E. Farther west follows a range consisting of 
Tertiary rocks likewise directed N 20° E. V* Richthofen adds : 
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"The significance of the strike given, N 20" £, as determining the 
structure of the Taiwan range, is even more sharply brought out when 
one considers an always important factor in the estimation of mountain 
structure, viz., the courses of the small head streams. . . . It is 
easy to see that the valleys, so far as they follow the longitudinal di- 
rection, strike N 15-20^ £., and, what appears to be characteristic of 
parallel structure, they are many times joined to the trunk streams 
through short cross stretches." 

In the northeastern part of the island, however, the direc- 
tion of the ranges and likewise the strike of the beds is east- 
westerly, or ahnost at right angles to that of the large southern 
portion. This east-westerly structure would seem, nxweover, 
to correspond more nearly to the extension of the Riukiu arcs. 
The volcanic zone of the Riukius also extends along the north- 
em coast of Formosa in confirmation of this view. West of 
Formosa, however, the volcanic Pescadores islands trend in a 
direction N 15* E and conform to the tectonic lines as well as 
to the strikes within the greater part of Formosa. 

In the transverse dislocations and in the abnormal strike 
directions characteristic of the southern or Sakischima group 
of the Riukius, von Richthofen sees a parellel to tfie case ex- 
emplified by the island of Crete in the Mediterranean, which 
while clearly a part of an arc that comes out from the Pelop- 
onnesus has tongues of land projecting northward into the sea 
from the western portion of the island, and these are explained 
by cross faults and Graben depressions along them. 

To sum up, the Riukiu arc and the arc fragments of For- 
mosa differ from the arcs of the continental series for the rea- 
son that in the meridional arms, the strikes characteristic of 
the fold structures accord with the lines of depression (Absen- 
kungslinien), whereas, the rule upon the continent is that in 
the meridional arms arc-like dislocations quite generally cut 
across the prevailing strike. In conclusion the author says: 

"The facts are augmented which for a series of different arcs lying 
to the north of the parallel of 22° in eastern Asia, allow of the conclus- 
ion that the normal structure of those parts of each individual arc 
which are included in the equatorial components, has been brought 
about before that of the meridional components ; and that after the 
arc-like closing: together, both the tectonic processes which after sub- 
sequent longitudinal dcpre^si.in-^ and disruptive longitudinal fractures 
gave to the meridional arms the normal form, extended over in the 
equatorial arm? to the arc next adjacent upon the north, bringing about 
there abnormal cross dismemberment and transverse fracturing." 
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The Philippine Islands: It is unfortunate that we should 
possess so little knowledge of the geology of the Philippine 
islands. After six years of occupation by the United States 
the only reports published are those by Becker* which review 
the scattered papers, mainly in foreign languages, which at 
different times have referred, however cursorily, to the geolog^y 
of the Philippine islands. 

Of great interest, however, and especially so because of our 
meagre knowledge, is the collection of ores, minerals, and rocks 
which have been gathered from many sources and placed upon 
exhibition in the Philippine Mines buildii^ at the St. Louis 
Purchase Exposition. With the knowledge that valuable de- 
posits of coal (including good steam coaJ), iron, and copper 
occur in the islands, and that some of these are soon to be 
vigorously exploited, it seems unlikely that die geological ex- 
amination of the islands can be much longer delayed. The 
importance from a strategic as well as from an economic stand- 
point, of developing these deposits it would seem would be 
generally appreciated. For our knowledge of the structure of 
the islands, we are especially indebted to Austriant and Japan- 
eset geologists. 

In the paper on the island world of southeastern Asia, Koto 
has included a brief section upon the Philippines, which, mea- 
gre as it is, contains important conclusions regarding the areal 
and geologic structure of the islands. In the larger archipel- 
ago of which the Philippines form a part, mountain ranges and 
chains of volcanoes radiate from the inner group, which con- 
sists of the islands of Borneo, Celebes, and Gilolo. These 
mountain ranges comprise parallel ridges, separated by tec- 
tonic valleys, one of which extends frcwn the bay of Butuan to 
the bay of Davao in Mindanao, and another from the bay of 
Lingayen to Manila, so as to separate the main Luzon chain 
from the westerly Zambales. The volcanic zones and the prin- 

* Gbokob F. Bkckbr: Brief memorandtim on the fl^ology of tbe Philip- 
pine Islands. U. 8. Geol. Stirv., aoth Ann. Rep., pt. ii. pp. S-7, 1900. 

GsoRGB P. Bbckbr: Report on the Geology of the Philippine Islands. XJ. 
S. Gcol. Sarv.. 2l8t Ann. Rept., pt. iii. pp. 493-614. This paper includes a list 
of sources and a translation of C. Martin's paper concerning Tertiary Pos^fls 
in the Philippines (pp. 615-626.) 

t SUBSS: Antlitz der Brde. vol. i, 1885, pp. 685-588; toI. ii. 1888. pp. 206- 
217; vol. iii, 1901, pp. 308-332, plate II. 

t Koto: On the geologic structure of the Malayan archipelafro. Jour. Coll. 
Sci. Imp. Univ. Tolcyo, vol. ii, pt. ii, 1899, pp. 83-120, with plate I. 
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cipal tectofifc lines of the archipelago as they have been madef 
out by Koto, have been indicated in figure i. 

Becker"*, after a careful review of the literature, expresses 
the opinion that too much effort has been made to show un- 
broken continuity of the volcanic zones in the archipelago, and 
adds : 

"Fissures occur far more often in [parallel systems than singly, and 
just as dikes frequently jump from one fissure of such a system to 
another, so, I think, do the greater volcanic phenomena. Fissures, 
furthermore, commonly occur in two systems, cutting one another at 
a large angl^, and there are somewhat clear indications that such is 
the case with the volcanic belts in the Philippines south of Manila. 
These two systems are approximately parallel to the two prongs of 
Masbate, but each is curved, the centers of curvature lying in the 
China sea, one of them much to the southward of the other. I should 
consider, provisionally, that the elevations of northwesterly trend, such 
as the mountains of eastern Mindanao, Leyte, Tayabas, Mindoro, 
northwestern Panay, and perhaps the northern extremity of Palawan, 
belong to the one system, but represent a considerable number of dif- 
ferent though associated fissures. The trends of the northeasterly 
character also seem to belong to one system. The western fork of 
Masbate appear^ to continue to northeastern Panay, but to be inter- 
rupted with an offset in the southwestern portion of that island. The 
southerly prolongation, it seems to nic, is to be found in the Cagayancs. 
Of course Palawan, Negros, excepting the southern end, and the Bas- 
ilian-jolo group belong lo this system. So nearly as I can nrakc out 
by plotting, ihe two systems inter>ect at pretty constant angles of about 
^**. A fairlv consistent and satisfactor>' scheme of short arcs can be 
arranged in this way for the ranges sinith of Manila, but I hesitate to 
print my diagram, because a map conveys an impression of certainty 
and definiteness . which in this case would be crroneous.f 

"To the northward of Manila the >ame scheme of ranges seems less 
plausible. I am almost inclined to think that the Sierra Madre and the 
Caraballo del Norte, which are composed largely of crystalline schists, 
are each made up of short arcs bvlonginjr to each system. Some 
support for this giie^s i-^ to bo fo-mri in Mr. d'.Mmontc's large map 
of Luzon, where the \vatcrs}io<I> ^ln'W >e\eral 7igzags. This region is 
perhaps a 'h'^rst' in Mr. Sue--'-? son^e. As for the Sierra Zamhales, it 
seems to nu most pnibalilo t'li.ir ir c-MitinMOs ^«.»iitbward through Pico 
de Loro an.! cape San:ia;4. ■ i • tli-- !:u> Alo^n peak, in Mindoro, and 
so into Marivcie^ th*- i!i:h T'x > '.le !-■ r « •«> Pi ilayan, near cape Santi- 
ago, in Rnt'iTi^'^''. - \r:- \':w- '\'\w. '^c-'vrn iri!-.i;t: (.f middle Luzon would 
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t Dana calitd nttetitiun t • the sTmnutrj cxhibitfd in the trends of the 
iaiaodfl. "T?T.is ill!.- T!<..?r (V" I.'.: :')n i< fit right onCies with the .^oathem extrcm- 
ity\ Palawan i«= at rii^ht iin>rle« nearly with Mindor*)." etc. He alto points out 
that both of thf two systems of trends are curved. 
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thus be affiliated with the system with a northwesterly trend. Mr. von 
Drasche, however, calls attention to the fact that the Sierra Zambales 
exhibits a remarkable double repetition of the two main directions of 
Luz6n, one nortiierly, the other northwesterly. With Ar4yat I can do 
no better than leave it in its impressive loneliness.'^ 

The latest information regarding die outer groups of the 
Malayan archipelago is contained in Koto's paper, already cited. 
In his geomorphologic studies von. Richthofen has included a 
general and, except that Japan is not included, a summary 
paper especially devoted to the genesis of the island arcs.* He 
ascribes the dislocation planes represented in the arcs 
to the operation of tension, as has already been par- 
tially explained in an earlier review of this series. This theory- 
advanced in the studies to the present writer appears less 
satisfactory than the descriptive portions which have been al- 
ready reviewed, and on this account is left without further com- 
ment to the reader. The paper is of especial interest to an 
American reader for the reason that it presents the views of 
this great geographer and illustrates by examples the terms 
which have gradually come into use by the Austrian and Ger- 
man schools to describe the composition of mountain systems. 

University of Wisconsin, 
Madison, Wis. 



A TH^bRY OF ORIGIN FOR THE MICHIGAN 

GYPSUM DEPOSITS.! 

By O. P. ORHftLST, MorirantowB, W. Va. 

The most generally accepted theory of origin of the large 
deposits of gypsum and salt, has been the evaporation of salt 
water lakes, bays, and seas, cut off from the main ocean. This 
theory has been given for the Iowa, New York, and Kansas 
deposits in the reports on salt and gypsum in those states. In 
the Kansas report, the writer endeavored to picture the his- 
tory of the changes resulting in the deposition ot gypsum in a 
bay whose waters retreated to tlie southwest in Permian time. 

* Von Richthofeu: Oeotnorphologiache Stadlcn ant Ostaaien. IV. Uber 
Gebir^skettunj^en in Ottasien, mit AnatcbluM Ton Japan. Sitrangvber. d. k. 
pr. Akad. d. Wias., vol. 38, 1903. pp. 867-891. 

t Published by pcrtnistion of the Director, Michigan Geological Sorvey. 
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group, or the Upper Marshall, and the lower portion was called 
the Marshall group, equivalent to the Waverly in Ohio, and 
the Kinderhook of Illinois. 

Above this series, in the vicinity of Grand Rapids, is a group 
of shales, limestone, and gypsum layers, called by Winchell the 
Michigan Salt group. This formation has been shown by Rom- 
inger and Lane to be destitute of salt beds, and the Saginaw 
valley and principal Michigan brines come from below this hor- 
izon, so that it seems advisable to follow Lane"*" and call it 
merely the Michigan group. 

Above the Michigan group comes the Carboniferous lime- 
stone of Winchell, exposed at Grand Rapids and other places 
around the border of the Coal Measure basin. It is equivalent 
to the Bayport limestone of eastern Michigan, to the Maxville 
limestone of Perry and Muskingum counties in Ohio, and to 
the upper part of the St. Louis limestone of the Mississippi 
valley. Over the Carboniferous limestone, the Saginaw Coal 
Measures are found forming the interior basin. The Waver- 
ly group of Michigan, including the rocks described up to 
the Carboniferous limestone, according to Rominger,t "forms 
underneath the drift, the surface rocks over hajf the extent of 
the Peninsula, but its natural outcrops are very limited, either 
horizontally or vertically." 

The Mississippian series in Michigan forms a basin-shaped 
fold, and in the center of the Peninsula it is overlain by the 
Coal Mi'easures, and can only be mapped in such sections by 
the aid of well records. 

The whole series of Michigan presents more or less irreg- 
ularity, in places represented by shales, and again by sandstone 
apparently contemporaneous. The Michigan group in places 
is cut out entirely on the border of the Coal Measures, and 
again the Bayport limestone is present and the lower gypsum 
beds are gone. This limestone at Grand Rapids is about 50 feet 
thick and rests on the gypsum formation. 

In the interpretation of the geological history revealed by 
these rocks and their relations, the writer wishes to acknowl- 
edge his indebtedness to the various papers of Weller, Lane^ 
and Keves. 

* Mich. Geol. Survey, vol. vli, part IJ. p. 18. 
t Micb. OcoL Survey, vol. iii, part I, p. 69. 
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GEOLOGICAL HISTORY OF THE MICHIGAN BASIN. 

At the Opening of the Carboniferous period, Lower Michi- 

i, Ohio, and a large part of Pennsylvania, were covered by 
SL gulf which opened to the northwest across Illinois and Min- 
nesota. In the earlier part of the Mississippian epoch, the land 
was sinking around tliis gulf, especially to the south and south- 
west and in this sinking area were deposited the sediments of 
the Kinderhook stage, forming limestones, sandstones, and 
shales, mainly shallow water deposits irregular in extent, vary- 
ing in fossil contents, so that the same series of rocks has been 
?iven a variety of names by geologists. These names are often 
used in local geology, but now are known to be contemporan- 
eous, and they are included under the name of Kinderhook. 

By the close of this divison of time, the large gulf extended 
south into Arkansas and Tennessee and west to the Rocky 
mountains, and opened northwest across the Dakoias. 

For a long period of time the salt water gulf remained 
stable and quiet, supporting a rich fauna of corals and crinoids, 
"which have formed the Burlington and KeoKuk limestones, 
known throughout the world on account of the variety and per- 
fection cf their crinoid and brachiopod fossils, 'fhese lime- 
stones and other formations, related in time, have now been 
grouped under the name of Osage or Aug^usta. 

While there were many local and minor variations in the 
physical conditions, and therefore in the life characters In 
this gulf, there was a greater and more important contrast in 
these characters between the eastern and western portions, sep- 
arated bv the Cincinnati island. These have been named bv 
Weller* the eastern or Waverly province, and the western or 
Osage province. 

In the Kinderhook gulf the faunas were intermingled to a 
very considerable extent ; but in the Osage age the clear waters 
of the O^age gulf supported a fauna which could not flourish in 
the sediment-laden waters of the Waverly province. 

The land to the northeast of this Carboniferous gulf was 
above sea level, the drainage system of that highland carried a 
large quantity of mud and sand scdimeni into the Waverly gulf, 
forming the conglomerates, sandstones, 'and shales of that area. 

'* Journal of Geology, vol. vi, p. 308. 
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The Cincinnati island afforded a partial barrier to the drifting 
of the sediment into the clearer Osage waters beyond. 

At the close of the calm Osage age came a series of uplifts 
and depressions, whose effects are seen in the Mis^sij^i valley 
and at the east. The St. Louis limestone was formed in waters 
extending 200 miles further north than those of the Osage, 
and this northward extension was followed by a retreat of 400 
miles to the south. 

In the eastern part of the Waverly gulf, the changes beg^n 
earlier than in the Osage gulf, and the coast line, according to 
Lane,* receded westward from western New York and central 
Pennsylvania, until a large part of Ohio and Indiana were out 
of water by the end of the Marshall or Waverly age. This left 
the Michigan basin enclosed between the mass of land at the 
northeast, and probably also at the northwest, and the low land 
over northern Ohio and southern Michigan.t 

On the south side of this low land were deposited the sedi- 
ments forming the coarse sandstones and conglomerates of the 
Logan group laid down irregularly in Ohio with an average 
thickness of 200 feet. To the north side were deposited the 
sediments forming the rocks of the Michigan group, shales^ 
limestones, and beds of gypsum. 

The Mississippi extension of the St. Louis is represented in 
Michigan by the Ba)rport limestone, in Ohio J)y tne Maxville^ 
which come above the Michigan group. TYtis group would 
correspond in time with the Burlington and Keokuk, or the 
Osage (Augusta) of the Mississippi valley. The thickness of 
the group in Michigan is 232 feet (Lane, Vol. VII, Part II, p. 
16), the Augusta in Iowa is 230 feet, the Logan in Ohio is 200 
feet. 

MICHIGAN GROUP. 

The Carboniferous, Bayport, or St. Louis, limestone in 
Michigan is also called by Lane the U|>per Grand Rapids ser- 
ies, and the Michigan group is known as the Lower Grand 
Rapids. 

At Grand Rapids, the typical locality for tBe section, the 
lower series outcrops to the south of the city as a group of 
shales, thin bedded limestones, and gypsum layers, while the 

* Michigan Geological Survey, vol. ril, part II, p. 15. 

t The extension of the Cincinnati island above mentioned.' 
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upper sieries outcrops along the river in tKe city nearly to its 
north h'mits.* A number of quarries have been opened in the 
bed of the river, and, according to Rominger, the contact could 
be seen at the foot of the rapids in the earlier history of the city. 
This limestone is about 50 feet thick. 

The only localities in Michigan where g}'psum is found in 
this formation near the surface, are in the vicinity of Grand 
Rapids and at the east near Alabaster. The formation, how- 
ever, is found in a belt of varying width bordering the coal 
basin, and through most of the area it is more or less concealed 
by the overlying drift. 

QUANTITY OF GYPSUM IN THE ANCIENT MICHIGAN SEA COM- 
PARED WITH THE PRESENT SUPPLY. 

The area of rocks in Michigan after the Marshall or Kin- 
derhook series is approximately circular in outline with a rad- 
ius of 85 miles giving an area of 22,686 square miles. As will 
be shown later the sea covering this area in Osage tiriies was 
approximately 700 feet in depth and assuming an average depth 
of 326 feet, based on well records, there would Have been about 
1,280,000 billion gallons of water. 

The analysis of Atlantic ocean water shows 93.3 grains of 
gypsum to the gallon. If this Michigan sea had this same pro- 
portion, it would have yielded 8,500,000,000 tons of gypsum. 

The thickness of gypsum at Grand Rapids is 18 feet and at 
Alabaster 20 feet. The approximate area at Grand Rapids is 
24 square miles and at Alabaster 10 square miles, and while the 
gypsum does not by any m^ans Iceep the thickness given over 
the entire area and is even absent in places, it has probably been 
removed by solution since its deposition. 

These figures would give a total quantity ot 1,237.764,000 
tons of gypsum. Where gypsum is found in the deep wells it 
is usually in thin beds and in many of them it is entirely absent. 
It is thus evident that the quantity of gypsum held in this old 
Michigan salt sea is sufficient to explain the quantity of gypsum 
actually in existence today in its basin. 

If the assumption is made, and there is no basis for it, that 
the gypsum covered all the interior sea area with a thickness of 
20 feet, then it would require 917 billion tons of lime sulphate in 

•See Whittemore Proc. Mich. Acad, of Sciences. Also StrotiK. Proc Kent 
Sd.IoMt, Np. 3. 
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the sea, more than a hundred times the quantity that probably 
existed in the basin. 

CASPIAN SEA AS AN ILLUSTRATION OF THE MICHIGAN SEA. 

The gypsum deposits in Michi^n do not occur uniformly 
distributed through all parts of this old sea basin, but they ap- 
pear concentrated in certain areas of comparatively small size. 
For the cause of this localization of the deposits we may look 
for a modern illustration to the conditions in the Caspian sea. 

Into the northern part of the Caspian sea empty the Volga, 
Ural, and the Terek rivers bringing in a large quantity of fresh 
water so that in this portion of the sea the water is nearly pure 
with a specific gravity of 1,009. Th^s small percentage of salt 
is, according to Van Baer, due to the number of s\iaiIow lagoons 
surrounding the basin, each being a sort of natural salt pan. 
At Novo Petrovsk a former bay of the main sea is now divided 
into a number of basins showing all degrees of saline concen* 
tration. One of these has deposited on its banks only a thin 
layer of salt, a second has a compact mass of salt on its floor^ 
and a third has lost all the water and is a mass of salt covered 
with sand. 

The concentration is seen on the greatest scale in the Kara- 
boghay (Black gulf) of the Casoian, where the nearly circular 
shallow basin is about QO miles across and abtiost entirely cut 
off from the sea by a long narrow spit of land, so that the gulf 
and sea are only connected by a channel not over 1 50 yards 
broad and five feet deep. Through this channel there passes 
into the gulf a current with an average velocity of three miles 
an hour, but which is accelerated by the western winds* 

This current is due to the indraught produced by excessive 
evaporation from the surface of the basin due to the heat and 
winds. The shallow depth of the bar prevents a counter cur- 
rent of highly saline water into the Caspian. This current car- 
ries into the Black gulf, according to Van Baer, 350^000 tons 
of salt daily. If this dividing bar of land should be elevated 
and cut off the basin from the sea, the gulf would rapidly dim- 
inish and become a salt marsh, which later drying up would 
leave a large salt deposit. 

With a greater depth of water over the dividing ridge the 
counter current would come in as at the straits of Gibraltar and 
the evaporation could go far enough for the deposition of gyp- 
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sum while the ccmcentratcd salt brine would pass back into the 
larger sea. This was more probably the condition in the Michf^ 
gan g3rpsum basins as will now be shown from a study of geo- 
logical conditions and well records. 

MICHIGAN INTERIOR SALT SEA. 

The Kinderhook sea of the American continent was an in- 
terior sea with a bay extending northeast into Michigan. In 
this bay were deposited the Marshall sandstones. The close of 
the period was marked by uplift in this area causing a retreat of 
the sea southwestward finally exposing a wide area of land in 
southern Michigan and northern Indiana. At Lafayette, Indi- 
ana, the floor of this sea was at least 563 feet above sea level. 
North of this barrier was a large interior sea with its floor 375 
feet above sea level near Grand Rapids, lower by nearly 200 
feet than the ocean to the southwest. This area was sur- 
rounded by the Marshall series, at this time dry land, 777 
(Kalamazoo), 983 (Coldwater), and 1000 (Hillsdale) feet 
above sea level on the south; 700 (Huron county) feet on the 
east; and 755 (Grayling) feet at the north. A sea, like the 
Caspian, with a depth at first of probably 700 feet or more and 
an area of 22,686 square miles. 

In this sea were elevations and depressions, a ridge at 
Lansing 500 feet above sea level and a depression east of Sag- 
inaw 380 feet below sea level separated from the main basin by 
a ridge 187 feet above the sea floor. 

This sea probably had its tributary streams coming from 
the highland at the north and northeast flowing down across 
the recently emerged flats of the Waverly and Marshall land, 
bringing a supply of sediment and doubtless salt from the Sali- 
na beds at the north. The lake basins of Michigan and Huron 
were not in existence at this time but belong to a much later 
chapter in the geological history of our continent. The irreg- 
^ ular clay seams and the clay dividing planes in the gypsum rep- 
resent an influx of sediment, wind blown material, or tidal 
currents. 

As the evaporation of these waters went on, the first de- 
posit would be carbonate of lime thrown down when the specific 
gravity was raised to between 1.0506 and 1.1304; by further 
coniientration the gravity would reach 1.22 and in this interval 
gypsum would be deposited. At this period 37 per cent, of the 
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water must have been evaporated. If the sea was 700 feet in 
depth, it would now be 440 feet still covering the Saginaw 
ridge but exposing the Lansing ridge; Further well records 
might give a clue to other basins separated by ridges of land. 
The sea would gradually become like the Caspian with smaller 
basins around it, in which all degrees of concentration would 
be found. 

In the deep basin near Saginaw the dividing ridge would 
be exposed before salt was deposited. In such an evaporating 
basin the deposit of salts would occur around the borders of 
the basin first, and by the influx of water across the Saginaw 
ridge the water in the concentrating basin was probably, re- 
newed, resulting in the 20 to 25 feet of gypsum now found in 
that area. 

The normal order of deposits should be lime carbonate, on 
which would be a deposit of gypsum covered by layers of salt. 
In the present developed areas the gypsum rests on a limestone 
floor, but with no traces of salt over it. The salt deposits are 
below the gypsum series in the underlying porous Marshall 
sandstone. Further, in the salt series of Saginaw, Grand 
Rapids, and other places, there are no traces of rock salt, but 
the salt wells secure the salt frcwn natural brines. 

If the Michigan interior sea evaporated completely there 
would have been, on the assumption its waters were like those 
of the present Atlantic, 17.9 times as much salt as gypsum, and 
the salt over the gypsum or in the lower part of the basins 
toward the interior where the waters deprived of their g>*psum. 
content had retreated. 

If these conditions were true, the salt might later have been- 
removed by solution in downward percolating waters which, 
dissolved the more soluble sodium chloride. The gypsum now 
remaining does show marked effects of solution agents, the 
surface being rounded and furrowed by solution, and in places 
it is entirely removed. These effects would have been far 
greater in common salt. The salt-laden waters or brines 
would flow downward along the slope of the rocks and through 
them, finally remaining at rest in the porous sandstones of the 
Marshall where it is now found. Further, the salt seems to be 
found in greater amounts toward the interior of the basin than 
near the edges ; more at Saginaw, Ann Arbor,. Lansing, etc., 
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than at Tawas and Grand Rapids, though it is found in all these 
places. :• -• 

Anodier possible. explanation of the final histon- of this sea 
is to be found in the great extension of the sea in the next epoch 
when the St. Louis limestone was formed. The sea in the St. 
Louis epoch extended its borders north and south and passed 
across the interior basin of Michigan to Grand Rapids on the 
west and to Huron county on the east. Possibly this renewal 
of the waters took place before the Mkfaigan sea had disap* 
peared by evaporation or before it had evaporated enough to 
deposit a large quantity' of sah except in certain smaller basins 
separated by the dividing ridges. 

From the evidence of sandstones and shales of the Michigan 

series found in the well borings of the interior it would seem 

that the ocean flowed over the southern barrier into the interior 

liasin a number of times before the greater St. Louis inundation, 

and at these times deposited the sediments whidi are lacking in 

^-psum and salt contents. .\t these times the ^-atet would be 

diluted, its specific gravity lowered so that precipitation of the 

salts would not take place. These overflowing waters, local in 

their occurrence, cannot be correlated ^^nth other sections tmless 

with those of the Logan series of Ohio, whose origin may be 

similar. 

In the deeper Michigan borings, gjpsum appears to be re* 
placed by anhydrite ; but where the depth of concentrated wa- 
ters is 325 feet, giving a pressure of ten atmosplieres, anhydrite 
is formed instead of g}psum. 

This theory as outlined for the Michigan gypsum depc^sits is 
based on the study of a few well borings and a conrparative 
study of the conditions in the Caspian sea of tOvlay and those of 
the Michigan area as far as they can be determined. There is 
a wide range of probability involved and while the theory is 
advanced as a theory resting on limited data, it may be taken 
as representing approximately the conditions of origin of these 
deposits. 
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A Treaiise on Metamarpkism, By Cbamxs Richaib Vak Hia& Wash- 

in«(on, D. C: Mooognph XLVIi. The United States Geological 

Survey. Pages 1286; illustxated with 13 plates. Price $1.50. 

The following is a summary of the volume: 

This treatise is* an attempt to reduce the phenomena of metamor- 
phism to order under the prtnciples of physics and diCBUStry, or more 
simply, under the laws of energy. Metamorphism is> bro4!idly deined to 
include all alterations of all rocks by all processes. The metamorphism 
of the sedimentary rocks was the first subject studied by the author and 
metamorphism has been a chief line of investigation with him for more 
than twenty years. Finding that the alteration of rocks was nowhfcre 
s^ystematically treated, he took up the task of prepaiuig such a work. 
It Yffijk supposed that this work would occupy two or three years, but as 
a matter of fact it required seven year9» and mk eighth year has been 
needed to put the volume through the press. 

The book consists of twelve chapters. Chapter I discusses the geo* 
logical principles upon which a classification of metamorphism may be 
based. From this discussion it is concluded Uiat the only practicable 
clasisification of metamorphiiin is geological. It is found that the al- 
terations of the OAStex zone of the earth are radically different from 
those of the deep-seated zone. Moreover, it is shown that the altera- 
tions in the upper zone result in the production of simpler compounds 
from more complex ones, whilst those in the deep-seated zone result 
in the production of complex compounds from more simple ones. The 
upper zone is called that of ks^tamorphism, and the lower aonc that of 
anamorphism. 

Chapter II, upon the forces of metamorphism, discusses chemical en- 
ergy, gravity, heat, and light. The manner in which each of the classes 
of energy produces various mechanical and chemical effects upon rocks 
is set forth. 

Chapter III treats of the agents of metamorphism. The 9^gents of 
metamorphism are gaseous solutions, aqueous solutions, and organisms. 
Under aqueous solutions the chemical and physical principles controlling 
the action of ground water and the circulation of ground water are 
fully discussed. This involves a full resume of the science of physical 
chemistry so far as applicable to the alterations of rocks. This resume 
is not simply a summary from text books of physical chemistry, but 
discusses the applications of the principles to the phenomena of meta- 
morphism. 

Chapter IV, upon the zones and belts of metamorphism, discusses 
these zones and belts from the physical-chemical point of view. It is 
shown that the alterations of the zone of katamorphism occur with 
liberation of heat and expansion of volume, the chief reactions being 
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oxkkition, carboihatk>n, and hydration. The alterations of the rone of 
anMhofphism occur wtth absorption of heat and dhninntion of volume. 
\\kt chief reactions being deoxidation, silication with decarbonation, and 
dehydration. Thus the alterations in the two oppose each other. The 
lone of katamorphism is divided into two belts, that above the level of 
gfrottnd water, the belt of weathering, and diat below the level of ground 
water, called the beh of cementation. While the physical-chemical prin- 
ciples of alteration are the same in each of these belts, the geological 
processes are very different. The belt of weathering is characterized by 
solution, decrease of vohime, and softening, resulting in physical de^ 
generation. The belt of cementation is characterized by deposition. In- 
crease of volume, and induration, resulting in physical coherence. 

Chapter V treats of minerals. Each of the rock-making minerals is 
discussed with reference to its occurrence and alterations. The altera- 
tions are considered from the physical-chemical point of view. An at- 
tempt is made to write chemical equations which represent the trans- 
formations, and to cakulate the volume relations resulting. It is found 
that a gretit mimber of rock-making minerals undergo two classes of 
changes, one of which is characteristic of the zone of katamorphism. and 
the other of which is characteristic of the zone of anamorphism. Per- 
haps the most important generalizatk>n of this chapter is as to the re- 
versibility of reactions in the two opposing zones. This generalization 
is as follows: The equations which represent the reactions in the zone 
of katamorphism are reversible in the zone of anamorphism ; and so far 
as there is expansion of volume and liberation of heat in the upper zone, 
just so far is there condensation of volume and absorption of heat in 
the lower zone. 

Chapter VI considers the belt of weathering. The belt of weathering 
being the one which is most readily observed, has been treated by many 
authors. The chapter in this volume on weathering differs from pre- 
vious discussions in that the phenomena are not considered mainly from 
the descriptive point of view, the emphasis being given to the classifica- 
tion of the phenomena and their explanation under physical and chem- 
ical principles. Also an important feature of th:s chapter is the consid- 
eration of the phenomena of the belt of weathering in relation to the 
alterations of the other belts of metamorphism. 

Chapter VII treats of the belt of cementation. This belt is defined 
as extending from the beh of weathering to the bottom of the zone of 
fNcture. The geological results are found to contrast very markedly ' 
iWn those of the belt of weathering. In the latter belt solution is the 
rble; openings are enlarged; the rocks degenerate. In the belt of ce 
mentation, upon the other hand, the processes of metamorphism con- 
tinuously deposit material, the openings are closed, and thus the rocks 
are consolidated. Each of the cementing substances is considered, and 
an explanation is offered as to why cementation rather than solution 
is a general process in this belt. 

Chapter VIII treats of the zone of anamorphism. This is the zone 
in which rock flow occurs. Full explanations of the meaning of rock 
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flow and of the development of such secondary structures as .slatiness, 
^iiistosity, and the gneissosdty are offered. Perhaps the most important 
generalization is, that "Rock flow is mainly accomplished through .con- 
tinuous solution and deposition, that is, hy rec^ystallization of Ac 
rocks through the agency of the contained water. But rock flow is 
partly accomplished by direct mechanical straini. At the beginning of 
th€ process, during the process, and at the end of the process, therocks, 
with the exception of an inappreciable .amount, are, crystallized solids." 

Chapter IX treats of rocks. A classification of the sedimentary rocks 
is given, their genesis is discussed, and the series of transifoiTnatipns 
through which each of the rocks passes \s traced out, the resujtant rocks 
being indicated. It was not found possible to give a sipiilar treatment 
for the igneous rocks. , : 

With the ninth' chapter the subject of metamorphism proper closes, 
but the results contained in these nine chapters have ^n important bear- 
ing upon other parts of physical geology. The remaining chapters con- 
sider these relations. 

Chapter X discusses the relations of metamorphism to stratigraphy. 
It is shown that in consequence of metamorphism great difficulties. are 
introduced in stratigraphical work. The nature of the difiiculties and 
the manner in which they may be overcome are fully considered. 

Chapter XI treats of the relations of metamorphism to the distribu- 
tion of the chemical elements. This is perhaps the most daring of the 
various attempts at generalizing of the treatise. It is, shown thjit as a 
result of the forces and agents of metamorphism the elements of the 
original igneous rocks are redistributed, a given element being less 
abundant in the larger number of sedimentary rocks than in the original 
rocks, and corresponding; with this depletion each of the elements is 
segregated in one or more formations. An attempt is made to treat the 
problem of the redistribution of the elements quantitatively. Assump- 
tions are made as to the total mass of the sediments and of the relative 
proportions of the more important classes of sediments* Combining 
these assumptions with the results of chemical analyses, the losses, and 
gains of various forms^tions for each of the important elements of the 
earth are considered. Many surprising results are reached. For instance, 
we find the conclusion that to oxidize the ferrous iron of the original 
rocks to the ferric condition in which most of it occurs in the sedimen- 
tary rocks, 35 per cent of the amount of oxygen in the atmosphere has 
been required. But still more startling is the conclusion that to oxidize 
the sulphur and iron of iron sulphides in order to produce the sulphates 
of the ocean and gypsum deposits, and to transform the iron to the ferric 
form required one and one-half times the amount now in the atmos- 
phere. 

The final qhapter of the book. XII, is upon the relations of meta- 
morphism to ore deposits. It is probable that this chapter will receive 
more general attention than any other. The material of the other 
chapters is of a kind which is likely to be of interest to the geologist 
only, whereas this chapter is of interest to all men concerned in the 
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great mining industry. The chapter upon ore deposits occupies 240 
Images and, indeed, «night have been named ''The principles of ore de- 
position." From the author's point of view, the majority of ore de- 
posits are produced by metamorphic processes. Having worked oat the 
general principles of metamorphism with reference to rocks, the author 
found that the application of these principles to ore deposition explained 
the majority of ore deposits. From his point of view the proper theory 
of ore deposition consists mainly in bringing the particular phenomena 
ej^hibited by ore deposits under the general .principles of metamorphism. 
The chapter contains a .new classification of ore deposits, the funda- 
mental divisions of which are the same as those of rocks. Thus ore 
deposits are divided into three classes, those of sedimentary origin, those 
.of igneous origin, and those of metamorphic origin. Strictly the treatise 
on metamorphism should, perhaps, have considered only the third class. 
However, the first and second classes are sufficiently discussed so that 
the relations of these ores to those produced by metamorphic processes 
xnay 1;>e appreciated. The discussion upon ore deposits is too elaborate 
to be summarized in this general statement. But it may be remarked 
that for the metamorphic ores an attempt is made to trace out the solu • 
tion. transportation, and precipitation of each of the chief economic 
viKtals. Also the alterations and further segregation of metals are fully 
considered. The conclusion is reached that in many cases an ore deposit 
does not represent a single stegregation, but is the result of repeated 
segregations by the ^ame general processes which result in the depletion 
in certain elements of the various rock formations and their segregation 
elsewhere. In other words the principles of the development of ore 
deposits are the principles of the segregation of those elements which 
are. of importance to man, but which, for the most part, are so rare 
that they are not included in the discussion in the chapter upon the re- 
distribution of chemical elements. 

It is not possible in a summary to give anv adequate idea of the 
scope of this treatise on metamorphism. A very broad range of facts, 
extending far beyond what might at first be regarded as a part of a 
treatise on metamorphism. is considered from the energy point of view. 
It is believed that the volume marks a great stride in the reduction of 
the entire subject of physical geology to order under the principles of 
physics* and chemistry, and points out the "way for a treatment of the 
entire subject from this point of view. h. c. r. 

Volcanoes and Seismic Centers of tJic PhUippine Archipeiif^o. By Rew 

M. Saderra Maso, Assistant Director, of the .Philippine Weather 

Bureau. Bulletin 3. Census of the Philippine Islands. Pages So: 

. with maps, outlines, and views from photographs. Washington, 

, D. C, i(;04. . . 

This report, written for the Philippine Census by Father Maso, 
who, during the past fifteen years ha> heen connected with the fully 
equipped seismic obscrvator\' in Manila, prei^ents descriptions and his- 
tory of the volcanoes and tracts of origin of earthquakes in this great 
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gproup 0|> arehilpeliii^ of inlands, foMlHir « part of the very Img Pa- 
cific voloante belt. The archi^ago coiiUlils tvfenty well-kno-Aii aid 
recent volcanic cones, twelve of which are more er less active, rang- 
ing in hight from a few hundred feet up to abdut lo^^ee fet^t. 

Kafthquakes are frequent in liarge parts of die island grouQ^ is- 
«hidin^' the neighborhood of Kianila, sltglrt shocks occurring at in- 
tervals of every few days or weeks; while ntorf severe shocks, doing 
injury to property and life, happen in some part of the archipelago al- 
most every year. Seismographic records have shown that somi of 
these earthquakes, even though not destructive iait their origin or epi- 
<5enter> send their waves or earth tremors entirely aroqnd or across 
the globe. 

In Manila very violent and destructive earthquakes occurred in the 
years 1600, 1645. 1658, 1665, 1728, 1796, tSl^ 1852, 1863, and 1880. The 
earthquake of June 3, 1863, destroyed th* Manila cathedral, burying 
many persons in its ruins, and also threw down 25 public and 570 
private buildings. The average annual number of days having earth- 
quakes at that city is twelve, with a minimum, for the years 1880 to 
1897, of five, and a maximum of twenty-six. w. u. 

Mount Stuart FoHo, Washington. By Gborgb Otis SikiitH. Geologic 

AtlSis of the United States, Folio No. id6. Pages io; with four 

maps, and six sections. Washington, D. C, 1904. 

The quadrangle whkrh is here mapped and described extends half 

a degree in latitude and longitude, lying on the eastern slope of the 

Cascade range. On the north, it includes Mount Stuart, rising 9470 

feet above the sea, fifteen miles east from the main Cascade range, 

of which an eastern spur, named by Russell the Wenatchee mountains, 

culminates in this rugged peak. Southward the quadrangle reaches to 

Ellensburg, in a broad flat expansion of the Yakima valley. Thu? it 

comprises a great range of geologic formations, from the oldest to 

the youngest rocks known in the region of the northern Cascades. 

The oldest formations, constituting the Mount Stuart massif and 
the lower peaks near it, are metamorphic sedimentary and eruptive 
rocks, probably of Paleozoic age. 

In the south and east parts of the quadrangle a^e strata of Ter- 
tiary age, partly sediments, but most conspicuously represented by the 
Miocene basaltic eruptions, in which thousands of cubic miles of lava 
welled up from the earth's interior through numerous vents. 

During late Pliocene and early Pleistocene time a great uplift of 
the belt forming the Cascade mountains took place, and subsequently 
streams and weathering have sculptured the mountains into their 
present outlines. Glaciers in the valleys about Mount Stuart, and, west 
of this quadrangle, on the headwaters of the Yakima river, largely aided 
in supplying extensive alluvial deposits of gravel and sand in the 
Teanaway and Yakima valleys, making the principal lands of agricul- 
tural value. w. t:. 



Review of Recent Geoiogicol Liierature, 393 

Jti^iew M !*• ^terM Geoiogy of the Stmtkem FmmHik iff HHckigan. 

By ¥kkmwk LmmBtti iie^irinted pages ioo-ira» from ^kt Sixtli An* 

mial RefKHt of the Mvdtigan ActdexosF of Sdenee, 1904. 

This is an excelknt con^knsed sufnmtry of ^ author*s ehi^orate 

o^nrattoas and conduMons, from extensive ieM work^ aided by Mr. 

F. B. Taylor and o^rs, for the United States Qeolofipal Survey. In 

due time their detailed studies are expected to be lislly published as a 

monograph similar to the two of Mr. Leverett's autiionli'^ alrea^ 

issued, which describe the glacial and lacustrine formations south of 

the great Laurentian lakes, from Illinois to New York. 

The full monographic report on this peninsula, between lakes Hu- 
ron and Michigan, will doubtless add much to our Ifnowledge of the 
methods of erosion, transportation, and deposition of drift formations, 
as the following quotation from this advance summary indicates: 
"The structure of the drift 19 more variable in Michigan, both on the 
surface and below, than in a large part of the neighboring states of 
Ohio, Indiana, and Illinois. In those states the till or commingled 
drift greatly prc|KHkierates over sand a^nd g;ravel, and contains a large 
I>ercentage pi int <iU^y material. In Michigan sand and gravel form 
ai notable part of the drift material, and much of the till is loose tex- 
tured. This great amount of loose textured drift seems attributable to 
the excessive glacial drainage resulting from the convergence of the 
ice lobes. It is best developed in the high portion* Qf the state which 
-were built up between the ice lobes. In the plains next to the lake 
l)asins, where the ice was spreading out, the till or ground moraine is 
compact and clayey, as it is in states to the south where the ice lobes 
were free to spread." 

A bibliography of about 50 titles, comprising publications that have 
added materially to the knowledge of the Pleistocene features and 
deposits of Michigan, is appended to this short paper; and it is 
stated that the geologic literature of the Great L^k^s Includes more 
than 200 titlea. w. v. 

Afanual of Chemical Analysis of Rocks, by Henry S. Washington, 
Ph.D. New York. Wiley & Sons, 1904. pp. 1813. |3.9a 
The great advances that have been made of kite yeairs in silicate 
amilyses and the high standards set by modern petrographcrs, particu- 
larly the advocates of new systems of classification, have, in many in- 
stances, served but to discourage the worker who is dependent wholly 
upon his own efforts for analyses as well as for microscopic research 
and field work. 

The ex^llent work done by Hillebrand* was ^ great help, but it has 
remained for Dr. Washington to prepare a manual in which the whole 
field of silicate analysis, so ies as is necessary in petrography, has been 
covered in such a manner that no one competent to make sinalyses at 
all has longer excuse for poor work. 

*8ome Principles and Methods of Rock Analysis. Bull,' ITi^^ U, S* O€oi- 
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Dr. .Washington is himself both a petrographer and a chemist The 
methods given are either his own or those of the best workers in the 
field and h^vc been tested by himself. They are, therefore,, prac- 
tical methods. A pleasing, but in this case liot unexpected, feature of 
the work is' Dr. Washington's evident disposition to give full credit 
to everyone upon whom he has drawn for information. The booK 
should be in the hands of everyone who has occasion to make rock and 
mineral analyses. & F. m. 



MONTHLY AUTHOR'S CATALOGUE 

OF AMERICAN GEOLOGICAL UTERATURE 
ARRANGED ALPHABETICALLY. 



AUBURY, LEWIS E. 

Bulletin No. 82, California State Miningr Bureau, Production and 
use of Petroleum In California, pp. 230, Sacramento, 1904. 

BAILEY, L. W. 

Upon the Carboniferous system of New Brunswick with special 
reference to the workable coal. (Geol. . Sur. Can., Ann. Rep., 1900, 
Rep.. M. pp. 37, 1908.) 

BAWDEN, H. H. 

Clarence Luther Herrick. (Jour. Comp. Neurol. & Psychol., vol. 14, 
pp. 515-534, with portrait and bibliogrraphy, Nov., 1904.) 

BAUER, L. A. 

Recent advances in the analysis of the ESarth's permanent mas:- 
netic field. (Science, vol. 20, p. 684, Nov. 11, 1904.) 

BECKER, GEORGE F. 

Fundamental Problems. (Bn^r. Min. Jour., vol. T8, p. 748, Nov. 
10, 1904.) 

BECKER, GEORGE P. 

Present Problems in Geophysics. (Science, vol 20, pp. 545-556, 
Oct. 28, 1904.) 

BELL, ROBERT. 

On the fireolofiry of the basin of Nottaway river. (Geol. Sur. Can., 
Ann. Rep., 1900, Rep. K, pp. 11, 1903.) 

BOLT WOOD, B. B. 

Radio-activity of natural waters. . (Am. Jour. Scl., vol. 18, p. 378, 
Nov., 1904.) 

BRIGHAM, A. P. 

Students' Laboratory Manual of Physical Geography, pp. 158, D. 
Appleton & Co., 1905. 

COLE, A. D. "" -'Z . 

Clarence L. Herrick. (Science, vol. 20, p. 600, Nov. 4, 1904.) 
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DRESSER. JOHN A 

Sur. Can„ Aiar. Rffj.» I5»{h. Key I. ^r. S« :*Wi /^ 
EASTMAN. C It. 

1903.) 

ECKEU E. C. 

The materials and manufaccure of TS'^rtUiul «^«n<^nt, \I1mU ^ 
Geol. Sur. Ala., 59 pp.. Monl|ronien*. 1904.> 

FOERSTE, A. F. 

Ordovlcian-Silurian Contact in tho Ulploy IhIuiuI hrw* of utMHUntM 
Indiana, with notes on the aro of the (Mnohnmtt H*^i<Hlrnhn \ \\\\ 
Jour. Sci., vol. 18, pp. 321-343. Nov.. 1904. > 

QIRTY, GEORGE H. 

The type of Avlculipecten. (Ani. «J«m>.. vol. .14. n \\V.\ Nr.iv . i»iH i 

GORDON, C. H. 

On the origin and clj\a«in«*ation <»f Kni'lNB«»pi (I'lm finii *»i»l 
Sci.. Nov. 1901. pp. 90-96.) 

HOBBS, W. H. 

Teqtonic Geography of Ko.Htoin A«l». Min M-oi . '#,1 n f.p 
283-291, Nov. 1904.) 

HOFFMAN, G. C. 

Report on the Section of f.'h'^Tnl-'r v »'■'! M*r.*rnJ'.|f;' "!-»•• tiff 
.. Ann. Rep., 1900. Rep. R. pp. 17, W)% t 
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HOPKINS, T. C. 

A t>li«rt description 9t th« Topoffrayhy ol Indiana, and of the 
rooks oT the dlflPerent geolo^cal periods; to accompanor the geologi- 
cal map of the state. (SOth Annual Report, Dept. Oeol. and Nat. Re- 
sources, 1903. Indianapolis, 1904. pp. 11-77.) 

HOWE, Ek^NtST. 

An occurrence of greenstone schist In the dan Juan mountains. 
Colorado. (Jour. Oeol., vol. 12, pp. 501-510, Sept-Oet., 19040 

INQALL, IE. D. 

Section of mineral statistics and mines. (Qeol. S:5ur. Can., Ann. 
Rep. 1900. Rep. S, pp. 157, 1908.) 

KEYISII, t. R. 

Unconformity of the Cretaceous on the older rocks In New Mex- 
ico. (Am. Jour. Scl., vol. 18, p, 360. Nov., 1904.) 

LAM BE, L. M. 

On the DryptosaurUb incras«>atus Cope, from the ESdmonton ser- 
ies of the Northwest Territory. (Geol. Sur. Can.» (Jont. Can. PaL» 
vol. 3 (quarto). July, 1904. 27pp., 8 plates.) 

LANE, A. C. 

Tho Theory of Copper Deposition. (Am. Qeol., vol. 34. pp. 297- 

309, Nov., 1904.) 

tow, A. P. 

On the Qeology and Physical Character of the Nasiapoka islands, 
Hudson Bay. Qeol. Sur. Ceui., Ann. Rep., 1900, Report UB^ pp. M» 
1908.) 

LOW, A. P. 

Report on an exploration of the east coast of the Hudson Bay» 
from Woletenholm to the south end of James Bay. (Geol. Sur. Can. 
Ann. Rep. 1300, Rep. D, pp. 82, 1903.) 

MERRIAM, JOHN C. 

A new marine reptile from the Triassic of California. (Univ. 
Cal.. Bull. Dept. Qeol., vol. 3, pp. 419-421. Oct., 1904.) 

MI8TOCKLE8, N. 

The untenableness of the nebular theory. (Am. QeoL, voL 34. p. 

310. Nov., 1904.) 

MORGAN, W. C. (and M. C. TALLMON). 

Peculiar occurrence of bitumen and evidence as to its eriffin. (Am. 
Jour. Scl., vol. 18, p. 363, Nov., 1904.) 

PALLACHE, C. (and H. O. WOOD). 

Crystallo^rraphic study of millerite. (Am. Jour. Scl., voL 18, p. 
343, Nov., 1904.) 

POOLE, H. 8. 

On the coal prospects of New Brunswick. (G^eol. Sur. Can.» 
Ann. Rep. 1900, Rep. MM, pp. 26, 1903.) 

PRUTZMAN, PAUL W. 

Production and use of Petroleum in California. (Cal. State Min- 
ing Bureau, Bulletin No. 82, 1904, pp. 2300 
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RICKARD. T. A. 



Copper Mints of Lake Superior. V. and VL (Bng. Min. Jour., 
vol. 78, p. 746 and p. 786, Nov. 10 and 17, 1904.) 

ROWLEY, R. R. 

The Eehinodermata of the Missouri Silurian, and a new Brach- 
iopod. (Am. Geo!., vol. 34, pp. 269-282, Nov., 1904.) 

RUSSELL, I. C. 

Physlogrraphic Problems of To-day. (Jour. Geol., vol 12, pp.. 
524-551, Sept.-Oct., 1904.) 

SCHUCHERT, CHARLES. 

Paleontologria Universalis. (Am. Geol., vol. 34, p. 332. Nov., 1904.> 

SMITH, E. A. 

The Cement Resources of Alabama. (Bull. 8, Geol. Sur. Ala., pp,. 
61-93, 1904.) 

SPENCER, J. W. 

Submarine great canyon of the Hudson river. (Am. Geol., voU 
34, p. 292. Nov., 1904.) 

STOSK, QEO. W. 

Physiographic studies in southern Pennsylvania. (Jour. Geol., 
vol. 12. pp. 473-485, Sept.-Oct., 1904.) 

STRETCH, R. H. 

Copper ores in the Cascade mountains. (Eng*. Min. Jour., vol. 78,. 
p. 789, Nov. 17, 1904.) 

TALLMON, M. C. (W. C. MORGAN and). 

Peculiar occurrence of bitumen and evidence as to its origin. (Am» 
Jour. Sci., vol. 18, p. 368, Nov.. 1904.) 

TYRRELL, J. B. 

On the northeastern portion of the district of Saskatchewan and 
adjacent parts of the district of Athabaska and Keewatin. (Geol. 
Sur. Can. Ann. Rep., 1900, Rep. F, pp. 37. 1903.) 

WEEKS, F. B. 

Bibliography and Index of North Amor loan Gemogy. Paleontol- 
ogy, and Minoralogy, for the year 1903. Bull. 240, U. S. G. S.. pp^ 
243.) 

WEIDMAN, SAMUEL. 

Widf^sproad occurrenr*^ o-f P^nyalite in certain igrneous rocks of 
central Wlsronsln. (Jour. Geo!., vol, 12. pp. 551-562, Sept.-Oct.. 1904.) 

WILEY. H. W. 

The us«-ful piopf^rtles of rlay«. (V. S. Bur. CThem.. Circular 17,. 
July 25. 1!»')4.) 

WOOD, H. O. (0. PALLACHE and). 

Cryst ill<ifrraphlo study of Millerite. (Am. Jour. Sci., vol. 18, p. 
343. Xov.. 1904.) 
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ZIRKEL, FERDINAND. 

Ueber die firegenseitigen Beziehungen ^wlschen der Petrographie 
und angrentzenden Wissenschaften. (Jour. Geol., vol. 12, pp. 485- 
501, Sept.-Oct., 1904.) 



PERSONAL AND SCIENTIFIC NEWS. 



Dr. J. C. Merriam^ professor of Paleontology at the Uni- 
versity of California, has returned from a summer's European 
trip. 

The University of the Pacific, San Jose, California, has 
secured the instructional services of Mr. J. C. Hartzell in Geol- 
ogy. 

Mr. Fr.\nk Springer^ Las Vegas, New Mexico, was elect- 
ed June 8 a corresponding member of the Geological Society 
of London. 

Mr. D. H. Nevvland, one of the associate editors of the 
Engineering and Mining Journal, has been appointed assist- 
ant state geologist of New York. 

Dr. W. C. Men'denhall, of the U. S.. Geological Survey, 
with headquarters in Los Angeles, has completed the investi- 
gations of most of the artesian basins of southern Qilifomia: 

Mr. E. H. Sellards, A.M. (Kansas State University) and 
Ph.D. (Yale), has been appointed professor of entomolog>% 
geology and zoology in the University of Flprida^ at Lake Qty. 

Henry McCalley^ assistant state geologist of Alabama, 
died November 20, 1904, of pneumonia, aged fifty-three 
years. He had been connected with the Alabama survey sin^e 
1878. 

Robert Simpson Woodward, dean of the School of Pure 
Science at Columbia University, has been elected president of 
the Carnegie Institution to succeed Daniel Coit Gillman, re- 
signed. • : ' 

Dr. J. C. Eranner, of Stanford University, has returned 
from Europe and will be in Washington, D. C, until the meet- 
ing of the Geological Society of America at Philadelphia, in 
January. 

Sir JoriN Murray, editor of the publication .of the scien- 
tific results of the Challenger expedition, lectured before the 
Geographic Society of Chicago on Thursday evening, Novem-, 
ber 3d. His subject was "The Ocean." 

Dr. Ralp*h Arnold, of the U. S. Geological Survey, has 
returned to Washington, D. C, after completing some special 
investigations in the Tertiary formations t)f Washington j Ore*" ' • 
gon and California under the direction of Dr. Wm. H. Dall. 
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The Carnegie Museum of Pittsiukg has purchased the 
Hbrary of the late J. I>. Hatcher of that Mnsemii and also that 
of the late professor C. K. Beecher of Yale. The tirst is es- 
pecially rich in works on vertebrate |)aleontolot:y. and the latter 
in works on invertebrate paleontology. 

Dr. D. \V. Johnson, of the Massachuseti> Insiitnie of 
Technology, has just completed a report on the "Relation oi 
the Underground Waters to the Law." It will he published in 
the reports of the ICastern Secti(/n of the Division ^^i lUiiroi- 
ogy of the United States Geological Survey. 

Dr. Geo. P. Merrh.u gave a jKiper. Nov. j^. before the 
Geological Society of Washington on "The b'ormation ot the 
vein of so-called Asbestos (hbrc-u^ serpi-ntinr) at riuMlord 
mines, Canada." At the same meeting Mr. l^ailey Willis gave 
an illustrated lecture on "Some aspects of China." 

pROFKSSoR '!'. C. (H \>rr.i:i<i.iN gave an addri>v at the 
meeting ot the C'hicago chapter of tin- Sv>ciet\ oi the Sigma 
Xi on November 22(1. I lis <ttbject was "The theoiies i>f the 
origin of the earth." ;\t the same nui'ting an rxbib-.t ivou\ 
the departmetu of paleontology o\ the Cniversitx oi Chicago 
was shown. 

The Sk\i;n'h:i;.\ 1 II Winiik .Mikiini; i^i ilu Geological 
Society of Anu-rica will be luld at riiiladrlpbia. beginning De- 
cember 2i), at 10 o'l'lork a. in. I b'ad<|n.n tri > will be at the 
Walton Ibtel. L«=ciist and Ihoad ^tnHt> V\\c nuetings will 
be at Colligc Ib'ill. I'nivrrsitx of 1 'riins\ Uam.i Vhc prrsi 
<lent is J. C". liraiincr. 

Dr. T. C. ('iiwir.iK'iiv 1 mm k* mm \i sru i > oi- mi-' 
SiG.MA Xi So< iKTN (»ii I )(("rinlHi jiid .l:.i\i .1 Uetiire 111 the 
auditorium «t tli<' < )lii«) .^tatc I iiImm^iIx on ".'^omr hvp(»th- 
eses as to the origin f»f the rartb." \n andirnn' ciunposed 
of stud(.'nt>, ])r< 'f(".sor^ and ri'sjdcnis «.| Gohnnbn^. numbering 
at least i.ooo. li>irind f( .r nn'ii- t'lan ;m bt-ni in .1 most sebol- 
arlv and intir«>iin^ ;i(l'lr( •^-.. 

The UNfiri) Si\ii^ (lioi.m.h \i Si u\ i ^ has jn^t com- 
pleted an arrangi'iiK-nt wiib I )r. V 1 . Watson, the r^vently 
appointed Stai«- Tlcolnnist oi \'ir;^im;i. i-t «'ooperation in the 
investiLfat!''.!! "f tin- artrsian watii^ .f that s|ati\^ These in- 
vesti{7ati< 'n< will Ix- i-.inicd cii dnrini; tlu' wind-r and followincf 
summer b. Mr. M I. I'nlh'r «»f ilir Cniictl !^tati'S survt-y in 
coninnctio!! witli 1 M". Wat^nn <<f ilu- State snrvcx. and a joint 
report will Ix' M-ijf.'irrul rail\' in tin- fall oi 1005. 

\.\Ti"\ ••' < ir.o^.K' \i'Hi' \i S<Kii-n\ In the poj)ular meet- 
incTs iil.'iiin- <: b- tb'- !^ociei\ for ibc \ < :m- kku-'o^ is a lecture 
on Ajjiii Ji. !-> G. K. (lilb'Tt. on "Xiagara brails." At the 
scieiKitl'- -nt ^'ilng.s th'.' following subji-ets of geological inter- 
est wi!^ lie <li<.'Us!-c-d : "Glacinl erosion." bv W. D. Johtison and 
G. K. GiilKri. XovemIxT i8tb: "Ge«\<:raphy of Alaska," by A. 
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H. Brooks, December 2cl; "A geologist in China," by Bailey 
Willis, December i6th ; "Physiography of the American des- 
erts," by G. K. Gilbert, January 27th. 

"A Treatise on Metamorphism," by President C. R. 
Van Hise, has just been published by the United States Geo- 
logical Survey as Monograph XLVII. The price is $1.50. 
This is the most complete treatise on metamorphism yet pub- 
lished, and comprises a volume of nearly 1300 pages. Besides 
accounts of the metamorphism of various rocks there are dis- 
cussions on the origin and changes of each rock forming min- 
eral, on the origin and redistribution of the chemical elements, 
and on the relation of metamorphism to ore deposits. 

Prof. George I. Brush's Collection of Minerals and 
Library have been presented by Prof. Brush to the Sheffield 
Scientific School of Yale University. The gift is accompan- 
ied by a fund of ten thousand dollars the income of which is 
to be used for the increase and care of the collection and li- 
brary. The value of the entire donation is estimated at about 
forty thousand dollars. The collection has been made by 
Prof. Brush during the last fifty years, and is rich in type 
specimens of new minerals. It will be henceforth under the 
charge of Prof. S. L. Penfield. 

Geological Society of Washington. At the meeting of 
November 9th the following program was presented: S. F. 
Emmons. "Remarks on copper deposits near the Grand can- 
yon, Arizona ;" W. II. Weed, "Dilation fissures and tlieir con- 
tained ores;" M. L. Fuller, "Evidence of caves at Put-in-Bay. 
OhiO; on question of land tilting" : C. W. Purrington, "A 
joumey in the easteni Altai, Siberia.'' 

The University of Chicago has arranged for the follow- 
ing special courses in geology during the winter and early 
spring. I. Courses in non-metallic economic geolog>', by Dr. 
E. R. Buckley. State Geologist of Missouri; these courses in- 
clude an elementary course and an advanced course on struc- 
tural materials: January 2d to February loth. IT. A course 
on Pre-Cair.brian geology by Professor C. K. Leith of the 
University of A\'isconsin ; this course will be accompanied by 
laboratory work for those who so desire: Februar>' 13th to 
March 24th. III. Courses on ore deposits by Dr. F. L. Ran- 
some, of the U. S. Geological Survey; these include an ele- 
mentary course on ore deposits in general, and an advanced 
course on gold, silver, copper and lead (in part) ores: April 
13th to May 1 2th. 

Tiik 'rriKoix)KE D. Raxd Collectiox of over 20,000 
minerals and mck specimens has been presented by his daugh- 
ter. IMrs. Charles Stillwell Eldredge, of Radnor, Pennsylvania, 
to the geological department of Bryn Mawr college. ' This 
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collection, which represents the enthusiastic and j)ainstaking 
labor of Theodore 1). Rand, 'J'reasurer for 31 years of the 
American Institute of Mining Engineers, is remarkably com- 
plete. It contains many rare minerals', seldom fiumd in priv- 
ate collections and many valuable and interesting crystals. 
The minerals have been securerl by ])urcha>e and exchange 
from all i)arts of the world. The r<>ck collection illustrates 
a more limited ge(>gra]^hic district. It i^ thoroughly re])resent- 
ative of the rocks of eastern Pennsylvania and includes a fine 
series of polished Ser])entines, a rock type of which Mr. Rand 
had made a special stud\ . 

This collection is now being installed at T.ryn Mawr ci>l- 
lege under the direction ,of Dr. F. lUisci^m. associate ])nv 
fessnr, and Dr. Renjamin T. Miller, associate in ( ieology. 

Du. Marsdkn M.\nm>\. of San b'rancisco. gave, by re([uest. 
a lecture at Washington on the "lu-ohuion o\ Cniinates." be- 
fore the Washington riiijosttphical Soriet\. 

Trir: Cow. Imki.ds or C.wv 1 jsiukni'. Ai.ask \. Near cape 
Lisburne. which is on tlu- Arctic C(\'ist of Alaska, ^ix) miles 
north of tin- arctic circle, are two coal-bearing formations of 
economic imi>ortance. They were studied (hiring the ]\ast sum- 
mer by Mr. Arthur I. Collier. o\ the I'nited States ("leologica! 
Survey, wh' . assisted by Mr. Chester Washburn, made his 
wav in an "j.cti dory along that distatU ^hi«n- as far east as 
cape Beauf'.rt. 

Of the tw(» cord-bearing f(M"nialiou.s. onr. which hcs cast of 
cape Lisburne. is of Jurassic oj- Lower Cretaceous age, and 
the mher. which li(< s«'Utn "f c.ijh' Lisliuriu . i- citlu r Lower 
Carboniferou'- or Devonian. I he Mes<./itij" c< al-bearing for- 
mation, which lia< been known for tlu- la-t three-(|uarters of a 
century, cr-nimencis ai a ])oint j^ uiilo east of ca|)e Lisburne 
and is co]it!!Hions!\ (•\])os.>d alon^ the- ci^ast to ca])e r»eaufort, 
a distanct' • f 40 nu"l(S. It contains \hr well-known Corwin and 
Thetis niinr.-. \\\v liK^ation of wliich ha^ b(H*n shown on many 
recent nTa])s of Alaska. 

Geologic ^\\u\\ shrnvs that the coal measures of these fields 
have a t<'t;il thickness of at lea'^i 1 vooo fec-l and contain nr)t 
less than 4^^ beds o\ coal, eacli (-ver a foot thick. The aggre- 
gate thicknr.-s < f all ihr brds '^ecn by Mr. Collier is over 150 
feet, b'k \rn of them are ni< re than fonr feet thick and contain 
coal <'f g' od rjuality. Analysis (>f samples from some of the 
bed^ sliow- ilie product to. be low-grade bituminous coal. A 
limittd anMinn of ccal has been mined here since 1879 for 
whaler- and revenue cutters. Several cargoes were mined in 
TQO; :!'i.| 'iold at Xome markets for $18 and $20 a ton, in 
coMipv t;*i< -n with Comax and Washington coal at $25 a ton. 

Xi-nc of the coal beds has been permanently develo])ed. 
The coai produced was mined from the croppings along the 
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sea cliff and boated oft" to the ships through the surf. There 
is no harbor for vessels nor protection from any but south 
winds. In 1903 a small amount of coal, probably not exceed- 
ing 20 or 30 tons, was produced at the Corwin mine. In 1904 
about 20 tons were taken by the steamship Corzvin and about 
10 more tons were mined for consumption at the Point Hope 
whaling station. 

Tlie Paleozoic coals outcrop at three points along the coast, 
4, 8 and 12 miles, respectively, south of cape Lisbume. The 
coal-bearing formation extends southward for a distance of 
about 40 miles, and reaches the coast again at cape Thompson. 
Beds over four feet in thickness occur at each of the localities 
noted. No analysis of these coals has yet been made. They 
are bituminous and of considerably better grade than the 
Mesozoic coals of the region. They are totally undeveloped, 
but in T903 a few tons were mined from croppings in the sea 
cliffs and used at the Point Hope wlialing station. 

The American Institute of Mining Engineers is plan- 
ning for an excursion to British Columbia and Alaska as its 
summer meeting. The excursion party is expected to leave 
Chicago June 24th, by special train, running direct to Victoria. 
After the sessions at Victoria, an excursion of about 21 days 
will be made by chartered steamer and special train to Snet- 
tisham bay, the Treadwell mines on Douglas island, Juneau, 
Shakan, Skagway, White Horse, Lake Labarge, Dawson (at 
the mouth of the Klondike), the neighboring mining camps, 
and back to Victoria. On the way east from Victoria, five 
days will be spent in visiting mining districts in British Colum- 
bia (including, probably, Nelson, Rossland, Trail, Greenwood, 
etc.) : and the party will reach Chicago about August 3d. 



Errata for Volunne XXXIV. 

Pago 122, line 11 from the bottom, for "numerals," read minerals. 
Pago 178, after line 17 from the bottom supply the omitted line: of 
the Sacramento range dip with a long slope to the Pecos. 
Page 194, line 7, for "Obolla" read Obollela. 
Pag«' 244. first line, for "reconrentration" read reccmentation. 
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